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Since 1973, a research project on webs for cold-formed steel 
flexural members has been conducted at the University of Missouri-
Rolla under the sponsorship of American Iron and Steel Institute. 
This study deals with the structural behavior of beam webs subjected 
to bending stress, shear stress, combined bending and shear, web 
i i 
crippling and the effect of bending on web crippling load. In addition, 
it includes a study of beam webs reinforced by either transverse or 
longitudinal stiffeners. 
This report presents the research findings on unreinforced 
beam webs subjected to bending stress. The results for the study of 
beam webs subjected to other types of stress and the combinations 
thereof will be discussed in subsequent reports. 
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I. INTRODUCTION 
A. General 
Since the early 1940's, thin-walled cold-formed steel 
structural members have gained increasing popularity in build-
ing construction and other areas. The wide use of cold-formed 
structural members can be attributed to the favorable 
strength-to-weight ratio, ease of prefabrication and mass-
production, fast and easy erection and installation, and 
many other advantages (1,2). 
In the United States, the webs of cold-formed steel beams 
are designed on the basis of Section 3.4 of the AISI Specifi-
cation (3) for shear stress, bending stress, and combined 
bending and shear stresses. The reasoning behind and the 
justification for these design provisions are discussed by 
Dr. Winter in his Commentary on the 1968 Edition of the AISI 
Specification (4). 
During recent years, new types of sections and materials 
have been introduced for use in buildings and other applications. 
The use of unusual geometric shapes in conjunction with different 
types of steel sheet and strip often complicate the design 
problem. For this reason, a research project on "Webs for 
Cold-Formed Steel Flexural Members" has been carried out at the 
University of Missouri-Rolla (UMR) under the sponsorship of the 
American Iron and Steel Institute CAISI). Under this research 
project, studies have been conducted on the structural be-
havior of beam webs subjected to bending stress, shear stress, 
1 
crippling load, and combinations thereof. This report is 
concerned with the investigation of cold-formed steel beam 
webs subjected to bending stress. Other studies will be 
discussed in subsequent reports. 
B. Purpose of Investigation 
The purpose of this investigation has been to study the 
structural behavior of cold-formed steel beam webs subjected 
to a pure bending stress. The research findings will provide 
the background informa.tion needed for the development of addi-
tional design criteria and the possible extension of the current 
limiting hIt ratio to a value larger than 150. 
c. Scope of Investigation 
This study consisted of analytical and experimental 
investigations of the structural behavior of cold-formed 
steel beam webs under bending stress. 
The first phase of this investigation involved an in-
depth review of available publications and research reports 
relating to plate and beam web behavior. Section II of the 
j 
report contains a summary of the literature survey . 
. Section III discusses the results of the analytical 
and experimental work, in which beam members having stif-
fened compression flanges were used. 
Experimental results were also obtained for beam 
members having unstiffened compression flanges. This 
infonnation is presented in Section IV. 
Finally. Section V contains a summary of the investi-
. gation and the conclusions that were reached relative 
2 
to the structural behavior of cold-formed steel beam webs 
subjected to bending stress. Several recommendations are 
given for computing the flexural capacity of cold-formed 
steel beam members on the basis of the structural strength 
of beam webs. 
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II. LITERATURE SURVEY 
A. General 
Some of the most important work pertaining to the 
structural behavior of plates and beam web elements sub-
jected to bending stress will be discussed in this 
section. 
A summary of current specifications governing the 
design of beam webs subjected to bending stress will also 
be presented. 
B. Behavior of Plates and Beam Web Elements 
The critical elastic buckling stress for a flat 
rectangular plate under bending as derived by Timoshenko 
and Gere (5) is 
(1) 
in which k = buckling coefficient, E = modulus of elasticity, 
~ = Poisson's ratio, h = width of the plate, and t = 
thickness of the plate. 
The buckling coefficient is a function of three para-
meters: the variation of the longitudinal bending stress, the 
edge support conditions. and the aspect ratio of the plate 
element. By using energy methods, Schuette and McCulloch (6), 
and Johnson and Noel (7) analyzed the critical buckling stress 
for a flat rectangular plate supported along all edges and 
elastically restrained along the edge subjected to the maximum 
4 
compressive stress. The buckling coefficients for various 
longitudinal' bending stress distributions for different edge 
restraints are presented graphically in Refs. 6 and 7. 
Bleich (8) summarized the buckling coefficients for 
a simply supported, rectangular plate subjected to a 
1 i nearly varyi ng bendi ng stress (see Table 1) ~ Fi gure 
1 is a graphic presentation of the buckling coefficients 
for a simply supported, rectangular plate with linearly 
varying bending stress. This figltre has been reproduced 
from Bulson's book (9). 
During the years 1957 to 1960, an extensive in-
vestigation of plate girders was conducted at Lehigh 
University (10, 11). This was a detailed study, both 
analytical and experimental, to determine the static 10ad-
carrying capacity of plate girders with emphasis on the 
postbuck1ing strength of web elements. This work served 
as the foundation for the design equations governing web 
elements of plate girders and rolled beams adopted by 
the AISC Specification (12). 
In recent years, the structural behavior of cold-formed 
steel beam webs subjected to bending stress has been studied 
extensively in Sweden (13 - 16). Based on their studies, 
the Swedish researchers proposed a new approach for 
predicting the moment capacity of beam members. This new 
approach utilizes the concept of an effective depth for 
the compression portion of the web element 'in conjunction 
with the effective w1dthof the compression flange. 
5 
Bergfelt and his collaborators (13, 14) have reported 
on investigations conducted to study the buckling behavior 
of trapezoidal type steel decks. In using sections with 
hIt ratios ranging from 111.0 to 127.4 and bending stress 
ratios greater than unity, these Swedish investigators 
found that the AISI design formula (3) for allowable bending 
stress in webs yielded unsafe results for some of the sections 
studied. They present a discussion on the interaction of 
flange and web buckling and offer an alternate approach 
for evaluating the ultimate moment capacity of a beam 
member. This alternate approach utilizes the concept of an 
effective depth of the compression portion of the web given 
by Eq. 2. 
b = (t/25) (kE/F )2/3 
ey y (2) 
in which t equals the thickness of the web, k represents 
the buckling coefficient, Fy is the yield pOint of the steel, 
and E was previously defined. Bergfelt's assumed stress 
distribution is given by Fig. 2. 
In 1973, Thomasson (15) published the findings of an 
experimental study performed at the Royal Institute of 
Technology of Stockholm in Sweden. The purpose of this 
project was to investigate the influence of web buckling 
on the static load-carrying capacity of trapezoidal steel 
decKs. Results from this test program indicated that the 
c~rrent AISI design criteria for bending in webs slightly 
6 
overestillited the load-carrying capacity of some of the 
steel decking tested. Thomasson by using an effective web 
depth approach also described two alternate methods for 
determining the moment resisting capacity of beam members. 
For his first method, Thomasson'sassummed stress 
distribution is shown in Fig. 4(a), for which the effective 
web depth, Se' is determined by using the following 
formula: 
S = O.7y/aO. 7sin e 
e 
in which y = hI (l+a) 
a = .,IF y!f cr 
e = included angle between the sloped web 
and the neutral axis 
(3) 
a = f t Ifc = maximum bending stress in tension maximum bending stress in compression 
fcr = elastic critical buckling stress given by 
Eq. 1. 
For Thomasson's second method, the assumed effective 
web depth and stress distribution are shown in Fig. 4(b), 
for which the effective web depth is determined by Eqs. 4 
through 6. 
Sel = 0.76 t .,IElF y 






Equations 4 through 6 have been adopted by the Swedish 
Sheet Panel Code (17) to be used for the design of beam 
members under bending. 
In 1973, Hoglund proposed another approach for com-
puting the effective web depth (16). With Hoglund's 
method, the effective web depth in the compressive region 
can be determined by using Eqs. 7 and 8. 
(7) 
(8) 
The effective depths, Se1 and Se2' and the assumed stress 
distribution are shown in Figure 3. This approach was 
developed from the findings of a study conducted on the load-
carrying capacity of thin plate girders. 
C. Current Design Criteria 
1. AISI Specification 
In Section 3.4.2 of the 1968 Edition of the AISI 
Specification (3), the allowable bending stress in webs 
is speci fi ed as 
Fbw = 520,000/(h/t)2 ~(F = 0.60 Fy) (9) 
This equation was derived from the critical elastic buckling 
stress formula, Eq. 1, by using k = 23.9 and a safety factor 
8 
of 1.23. The reason for using a smaller factor of safety 
was based on the availability of the postbuckling strength 
of web elements (4). 
The current AISI Specification does not permit the 
use of load and resistance factor design for cold-formed 
steel members; however, research work ;s currently ·under w~ 
in the United States for the purpose of developing addition.l 
AISI design criteria for the load and resistance factor des.1gn 
of cold-formed steel members. 
2. Canadian Specification 
The 1974 Edition of CSA Standard S136, entitled "Cold 
Formed Steel Structural Members", (18) provides the design 
engineer with the option of using either an allowable stress 
design or a limit states design. 
a. Allowable Stress Design 
In Section 5.5.2 of CSA Standard S136- 1974 (18), 
the allowable bending stress in webs is specified as: 
Fw = 520,000/H2 ~ (F = Fy 11.60) (10) 
1n which H represents the web slenderness ratio, 
hIt. This is the same formula that is used in the 
current AISI design provisions for the allowable bend-
ing stress in webs (Eq. 9). 
b. Limit States Design 
The maximum permissab1e compressive stress in a 
beam web as stated in Section 12.5.2 of CSA Standard 
S136-1974 (18) is 
9 
F = ~ 640,000/H2 < (F = ~ F ) 
w a - a y (11 ) 
In Eq. 11, ~a is defined as a performance factor and 
is given as 0.90 in Section 12.1.1 of CSA Standard 
S136 - 1974 (18). 
3. British Specification 
In the 1969 Edition of the British Standards Institution 
Specification (19), the web elements of cold-formed steel 
members and hot-rolled steel members are limited by the same 
maximum allowable compressive stress. 
4. Swedish Specification 
Web buckling is taken into consideration in Section 
A6.11 of the Swedish Sheet Panel Code (17) by means of an 
effective web depth concept as illustrated in Fig. 5. 
The tensile portion of the web element is always 
considered fully effective, whereas the compressive portion 
of the web element is considered fully effective if 
I it has a depth less than 50 ; 
S~ = 322 t/~ (12 ) 
in which t = thickness of sheet, inch 
F y = yield point of steel ,ksi. 
If the compressive portion of the web depth is greater 
than 5~ , the effective design depths, S~l and S~2' 
as shown in Fig. 5 are calculated by Eqs. 13 and 14: 
10 
Sel = 131 t/;r;- (13) 
(14) 
In calculating the depth of the compressive portions of the 
web, the position of the neutral axis is found by assuming that 
the web is fully effective and that the effective width of the 
compression flange is as specified in Section A6.12 of 
the Swedish Sheet Panel Code (17). 
5. French Specification 
In 1974, Moreau and Tebedge (20) published a paper 
entitled, "Comparison of AISI Specification for the Design 
of Cold-Formed Steel Structural Members and CTICM Rec-
ommendation for the Construction of Cold-Formed Steel 
Members." A study of this paper reveals- that the CTICM 
Recommendation does not contain provisions comparable to 
Section 3.4.2 of the AISI Specification, which limits the 
maximum allowable bending stress in beam webs. 
11 
III. STRUCTURAL BEHAVIOR OF BEAM WEBS FOR MEMBERS 
HAVING STIFFENED COMPRESSION FLANGES 
A. General 
Recent work conducted by Swedish Investigators (13-16) 
reveals that for some cases the current AISI design pro-
visions do not reflect sufficiently the strength of beam 
webs subjected to bending. For this reason, an analytical 
and experimental study of the structural behavior of beam 
webs subjected to bending was undertaken under the sponsor-
ship of American Iron and Steel Institute. The objective 
of this investigation was to evaluate the buckling and 
postbuckling strength of web elements. The findings of 
this study will serve as the basis for developing new 
design provisions governing the bending capacity of beam 
webs of members having stiffened compression flanges. 
B. Analytical Study 
The bending capacity of beam members is governed by 
either the strength of beam flanges or web elements. The 
strength of beam flanges has been thoroughly investigated (4, 
21,22), therefore the current study is concerned mainly with 
web element strength, which is a function of the web 
slenderness ratio, the bending stress ratio, the yield point 
of the material, and the flat width to thickness ratio of 
the flange. 
In general, for sharp yielding steel and an ideal 
12 
flat web element, yielding of the outer fibers governs 
the strength of beam members having web elements with 
hIt ratios less than 
(15 ) 
in which k is the buckling coefficient for web elements sub-
jected to bending. For gradual yielding steel and for web 
elements with imperfections, the (h/t)lim should be reduced. 
The interaction of the flange and web plays a signif-
' ... ~~ 
icant role in the load-carrying capacity of beam webs. The effect 
of the flange on the buckling of web elements depends pri-
marily on the magnitude of the wit ratio of the flange. For 
wIt greater than (w/t)lim as specified in Section 2.3.1.1 of 
the AISI Specification (3), early buckling of the flange element 
will occur. This may contribute to premature buckling of the 
web element. In addition, the higher the yield point of the 
material, the larger will be the flange capacity and the 
postbuckling strength of the web element. Therefore, the 
yield point contributes significantly to the strength of 
beam webs subjected to bending. 
An increased bending stress ratio, fclft' also contributps 
to early buckling of the web element. This 'is reflected by 
a lower numerical value for the buckling coefficient. 
As demonstated by the previous discussion, because 
the buckling and postbuckling strength of beam webs is 
a function of various parameters, the derivation of an 
* The unit for Fy is ksi. 
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exact analytical solution for the stability problem of 
plate assemblies is extremely cumbersome. Therefore, an 
experimental study was conducted with the intent of develop-
ing simplified empirical formulas with which the stability of 
plate assemblies can be analyzed. 
C. Experimental Study 
The objective of the experimental investigation was 
to evaluate the buckling and postbuckling strength of 
web elements under bending. Initial consideration was 
given to the effects of the web slenderness ratio, the 
yield strength of the steel, the bending stress ratio 
in the web, and the flat-width to thickness ratio of the 
compression flange. A specific study was also conducted to 
determine the interaction between flange buckling and web 
buckling. Test specimens were specially designed on the 
basis of one of the following provisions: 
. The wit ratio of the compression flange was 
selected to be less than (w/t)lim as specified 
in Section 2.3.1.1 of the AISI Specification (3). 
It was expected that local buckling would not 
occur in the compression flange. 
·The beam specimens were designed such that the 
flange and web elements would buckle simul-
taneously . 
• It was expected that local buckling of the 
compression flange would occur prior to 
web buckling. 
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A total of 68 beam specimens having stiffened com-
pression flanges were tested for pure bending conditions. 
These specimens consisted of 32 channel sections fabricated 
as shown in Fig. 6, 20 modified channel sections (Fig. 7), 
12 hat sections (Fig. 8), and four modified hat sections 
(Fig. 9). All of the tests were performed in the Engineer-
ing Research laboratory of the University of Missouri-Rolla. 
Topics to be discussed in this Section are (1) prep-
aration of beam specimens, (2) testing of specimens, (3) 
results of tests, (4) evaluation of test data, and (5) 
development of modified design methods. 
1. Preparation of Beam Specimens 
As previously stated, specimens of four different 
cross-sectional configurations were utilized in this test 
program. The first type consisted of two channel sections 
connected as shown in ~ig. 6. The connecting braces con-
sisted of 3/4 x 3/4 x 1/8 in. angles at the compression 
flange and 1/8 x 3/4 in. rectangular bars at the tension 
flange. Self-tapping screws (#12 x 14 x 3/4 Tek Screws) were 
used for connectors. The intervals between braces were such 
that lateral buckling of each individual channel section was 
prevented. For this type of built-up section, the ratio of 
the compressive to tensile bending stress was approx-
imately unity. 
Figure 7 shows the second type of cross-sectional con-
figuration employed. This section consists of two channel 
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sections having a track section or additional sheets attach-
ed to the tension flange. This arrangement shifted the 
neutral axis closer to the tension flange and resulted in a 
compressive to tensile bending stress ratio larger than 
unity. 
Hat sections as shown in Fig. 8 constituted the third 
type of section used. These sections were designed so that 
bending stress ratios of both unity and larger were obtained. 
The final configuration used is represented by Fig. 9. 
Addition of the extra plates to the tension flange produced 
compressive to tensile bending stress ratios greater than one. 
After the beam specimens were fabricated, side channels 
were fastened to the beam webs with the aid of self-tapping 
screws. The location of these side channels can be seen in 
Fig. 10. These channels were used to support the bearing 
plates for the applied load and to transfer the applied load 
to the beam through the webs. Because the purpose of this phase 
of the investigation was to study the beam web behavior influenced 
by bending stress alone, it was found that this arrangement 
eliminated the effect of the contact bearing stress on the 
behavior of the web element. 
The actual cross-sectional dimensions and span lengths 
for all of the specimens used in this test program are listed 
in Table 2. For each specimen, Table 3 presents the hIt 
ratio of the web, the wIt ratio of the compression flange, 
the bending stress ratio, and the yield point of the steel. 
These parameters are the significant quantities that affect 
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the buckling and postbuckling strength of web elements under 
bending. 
In order to determine experimentally the bending stress 
distribution in the web elements, six foil strain gages 
(Nos. CO, CI, DO, 01, EO, and FO) were mounted on the beam 
web as shown in Fig. 11. In addition, strain gages were also 
mounted on the compression and tension flanges to determine 
the bending stresses in both flanges (Fig. 11). For beam 
specimens influenced by local buckling of the compression 
flange, additional gages (AO, AI, HO, HI, JO, JI, KO, and KI) were 
positioned in pairs as indicated in Fig. 11. This made it 
possible by using the strain reversal method to determine 
the actual flange buckling load. 
To aid in recording the buckling pattern and the pro-
file of the deformed web element, grid lines were plotted on one 
of the beam webs. Because of the loading configuration, grid 
lines were plotted only for the central third of span between 
the two applied concentrated loads. 
2. Testing of Specimens 
a. Tensile Coupon Tests 
The mechanical properties of the steels used for 
the 68 beam specimens were established by standard tensile 
coupon tests. All coupons were prepared in accordance with 
ASTM E8 and tested in a l50,000-lb Tinius Olsen universal 
testing machine. Table 4 lists the test data on yield 
point. ultimate tensile strength, and elongation measured 
from a 2-;n. gage length. The beam specimens and their . 
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respective yield points are presented in Table 3. 
b. Testing of Beam Specimens 
All beam specimens were tested in the 8-ft wide, 
9-ft high, and 21-ft long loading frame, which is anchored 
to the 18-ft wide and 60-ft long test bay in the Engineering 
Research Laboratory (Fig. 12). 
(i) Test Setup 
Each beam specimen was tested with simply supported 
conditions. Rollers and bearing plates were used at each end. 
The beam was loaded by two concentrated loads that were applied 
at the third points. This loading arrangement provided a pure 
moment region in the central portion of the beam. The load was 
applied by a hydraulic jack and transmitted to the bearing plates 
by a cross beam as shown in Fig. 13. The bearing plates applied 
the load through the side channels to the beam webs. An electric 
load cell was placed between the jack and the cross beam to 
measure the applied load. 
To prevent the beam from moving laterally and rotating, 
vertical rollers were positioned at both ends as shown in 
Fig. 14. In addition, braces were attached to the central 
portion of the beam. Fig. 15 shows the details of those 
lateral supports. 
(ii) Test Procedure 
During the tests, loads were applied in predetermined 
increments from'zero to the buckling load. Smaller in-
crements were used before and after the initial buckling 
occurred. For each increment of loading, the applied 
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jack load and strain gage readings were recorded on both 
printed and punched paper tape with the aid of a 40-
channel data acquisition system. In addition, the lateral 
displacements of the central portion of the web were 
measured at the following applied loading conditions: 
Initial loading 
Predicted web buckling load 
Actual observed web buckling 
Failure load. 
The lateral deformations of the web were measured to 
the nearest one thousandth of an inch (0.001 In.) by using 
five linear potentiometers attached to a movable frame 
(Fig. 16). Results of pilot tests indicated that the 
accuracy of the lateral displacement measurement apparatus 
was such that repeatability of the readings was assured. 
The readings of the potentiometers were also recorded on 
both printed and punched paper tape by the data acquisition 
system. For details of deformation measurements and web profiles, 
see Appendix B of this report. 
For each applied load, the vertical deflection at midspan 
was recorded by using two dial gages, one under each tension 
flange of the channel section. 
3. Results of Tests 
During a test, the following applied loads were ob-
tained and recorded for each specimen as applicable: 
(Pcr}W - the critical load initiating web 
test 
buckling caused by bending stress. 
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(p)f _ the critical load initiating flange 
cr test 
buckling caused by compressive stress. 
(P ) - the load in which the bending stress 
Ytest 
in the extreme fibers of the flange 
reached the yield point. 
(P}t t - the maximum failure load for the beam 
u es 
specimen. 
The test data for all of the beam specimens used in 
this investigation are given in Table 5. 
The critical buckling load, (Pcr)W ,was determined 
test 
by visually observing the initial web buckl ing with the aid 
of a straight edge. This determination of the web buckling 
depended somewhat on the judgement of the investigator, but 
it did provide satisfactory results. Strain gages were 
mounted on the web at midspan for the purpose of determining 
the buckling load for the web element. However, because these 
gages were located only at one cross section of the beam, 
they were unable to determine the buckling load of the web 
when the buckling wave initiated at other locations. 
For each critical buckling load, the absolute value of 
the bending stress ratio, Ifc/ftl, was computed from read-
ings of the strain gages located along the edges of the top 
and bottom flanges. In the preceding expression for the 
stress ratio, fc is the maximum compressive bending stress, 
and f t is the maximum tensile stress. This stress ratio is 
an important factor for web buckling caused by bending stress. 
The tested yield load, (Py> , was the load at which 
test 
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the strain gage along the edge of the top or bottom flange 
indicated the yield strain. The yield strain was computed 
from the yield point of the steel established by the coupon 
tests. 
4. Evaluation of Test Data 
One objective of the test program was to determine the 
validity or accuracy of the theoretical equations for 
flange buckling and yielding and web buckling. This is 
discussed below by comparing the test results with the 
theoretical values. 
~. iteels used for this series of tests were both 
sharp yielding and gradual yielding as indicated by Table 
4. Therefore, due consideration was given for buckling in 
both the elastic and inelastic ranges as applicable. The 
theoretical buckling loads, (Pcr)w and (Pcr)f given 
theo theo 
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k = buckling coefficient 
E = 29.5 x 103 ksi 
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hIt = depth-thickness ratio* 
~= plasticity reduction factor 
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Et = tangent modulus. 
Because the value of Et is a quantity difficult to 
detennine, Blelch C8} propOSed the following equation for 
in which 
T = 
(F y-f crH f cr) 
(F y-f pr)(f pr) 
Fy = yield point of the material 
(17) 
fpr= stress at the proportional limit 
fcr= critical buckling stress. 
For the case of sharp yielding steel, ~ = 1, thus 
fcr can be evaluated by u~inq Eq. 16. However, this is not the 
case when working with gradual yielding material for which 
~T-- may be less than unity. The critical inelastic buckling 
stress can be determined by selecting a value of fcr to 
satisfy both Eqs. 16 and 17. 
The buckling coefficient, k, was assumed to be a 
constant value of 4.0 for evaluating the theoretical 
f flange buckling load, (Pcr ) . On the other hand, because theo 
k is a function of the bending stress ratio, the aspect ratio, 
and the boundary condition of the web elements, Eq. 18-was used 
to compute the numerical value of k(l5) for computing (Pcr)~heo. 
This was under the assumption that the web element is a long 
plate with simply supported edges. 
k = 4 + 2(1+a)3 + 2(1+a) (18) 
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In the precedtng expression, l3 ;:; Ift/fc l . 
Accordingly, the theoreti.cal cri.tical buckling loads, 
(P}w and (P )f , were computed by using Eq. 19, 
cr theo cr theo 
in which 
2Sx fcr (P) =--
cr theo a 
(19) 
fcr ;:; the appropriate critical buckling stress ~ Fy 
~he value of fcr can be either (fcr)w 
. f _ .theo 
or (fcr) as determined from Eqs. 16 theo 
and 17.) 
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Sx = section modulus of the beam section, for which the 
effective area of the compression flange is 
determined on the basis of the applicable value 
of fcr* 
a ='distance between the end support and the-
concentrated load applied to the beam. 
Also listed in Table 6 is the theoretical yield load, 
(Py) , for each test specimen. This quantity was com-
theo 
puted by the subsequent expression, 
2 S F (P ) = x y 
-y theo a (20) 
if'or this case, the effective width ·of the compression flange was 
computed as ;r---
b = 1.9tl 1 ____ [1 - O.4l5(t) ;r---f ] ~ w 
max w Ifmax 
1n which fmax = fcr for Eq. 19 and fmax = Fy for Eq. 20. 
In Eq. 20. Sx equals the section modulus of the beam section 
for which the effective area of the compression flange is determined 
on the basis of the yield point of the steel, F.* 
. .. . . ... y. 
The results of the 68 beam tests will be discussed in this 
section under the following five subjects: 
·Comparison of the experimental and theoretical 
critical buckling loads and yield loads. 
·Postbuckling strength of webs subjected to bending 
stress. 
·Factors of safety of beams against design loads. 
·Failure modes. 
·Bending stress distribution in the webs. 
a. Comparison of the Experimental and Theoretical Buckling 
Loads.and Yield Loads 
Comparisons of the experimental and theoretical flange 
buckling loads for each beam specimen are listed in Table 6. 
A review of this table reveals that the values of the ratio 
(Pcr)iest/(Pcr)iheo are within + 20 percent for all except 
one of the specimens fabricated from channels. This specimen, 
MB-9-1, has a value of 0.708 for the ratio of experimental 
to theoretical flange buckling loads. This premature buckling 
may have been the result of initial imperfections in the 
flange, possible errors in the strain gage readings, or a 
*For this case, the effective width of the compression flange was 
coq>uted as ;r- ;r-
b = 1.9t/1 ____ [1 - 0 .415(!) 11 ___ .] ~ w 
max max 
in which fmax = fcr for Eq. 19 and fmax = Fy for Eq. 20. 
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combination of both. Conservative values for the flange buckling 
load of hat sections were obtained. This is reflected by the values 
of the ratio (Pcr)iest/(Pcr)iheo which varies from 0.938 to 2.286 
(Table 6). These extremely large quantities could lead to 
a false sense of security, because the buckling loads are 
so small a slight deviation results in a rather large percent-
age error. These conservative quantities are attributed to 
the fact that the strain gages are not sensitive to the for-
mation of the buckle wave at small loads. 
A comparison of the experimental and theoretical web 
buckling loads is also presented in Table 6. For specimens 
composed of channel sections having hIt ratios of 150 or 
less and wIt ratios less than (w/t)lim,good correlation 
between the observed and theoretical values was obtained. 
On the other hand, for channel specimens with hIt ratios larger 
than 150 and wIt ratios less than (w/t)lim,premature web 
buckling appeared to occur. These specimens (Cl, C2, MB-Cl, and MB-C2) 
developed (Pcr)w I(Pcr)w ratios ranging from 0.415 to 
test theo 
1.019. The extreme1y low buckling values are for those 
members with rather deep, flexible webs. 
Specimens, both channel and hat sections, which 
possessed wIt ratios greater than (w/t)lim,appeared to be 
plagued by premature buckling of the web element. This 
premature buckling is attributed to an earlier buckling of 
the compress6on flanges. An examination of Table 6 reveals 
that the ratio of (Pcr)~est/(Pcr)~heO vari,s from 0.25 to 
1.02 for specimens in this category. 
Table 6 also gives values for the ratio of (Py}testl 
(Py)theo for all specimens. For the case of connected 
channel specimens, the ratio of experimental and theoretical 
values is within + 20 percent for all except three specimens. 
These three specimens (MB-Cl-l, MB-Cl-2, and MB-C2-1) 
developed (Py)test/(Py}theo ratios of 0.728, 0.691, and 
0.598 respectively. This premature yielding is the result 
of a redistribution of stress resulting from the deep flexible 
web, possible errors in the strain gage data, or a combination 
of both. For hat sections H-l through H-4 having hit ~150, 
yielding of the outer fibers was indicated from the test results. 
The ratio Of-(Py}test/(Py}theo' in which (Py) was determined by 
a plot of the strain gage data along the web depth, ranges from 
0.788 to 0.941. However, based upon a plot of the strain gage 
data along the depth of the web, hat sections H-5 through H-8, 
which had hit ratios of 200 and 250, did not appear to have 
reached the yield stress in the outer fibers. The reason for 
this behavior may be attributed to the failure occurring at a 
location other than midspan, which was the position of the 
strain gages. 
b. Postbuckl ing Strength of Webs Subjected to Bending Stress 
The available postbuckli.ng strength of beam webs can 
be represented by the ratio (Pu) I(Pcr)w . These test theo 
values are listed in Tables 6 and 7. 
A study of the values presented in Tables 6 and 7 for 
the above mentioned ratio indicates that the postbuckling 
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strength of beam webs subjected to bending is predominately 
a function of four parameters. These parameters .are the 
hIt ratio of the web, the wIt ratio of the compression 
flange, the bending stress ratio, and the yield point of 
the steel. 
Further examination of each of the previously stated 
parameters reveals that the postbuckling strength of a beam 
web increases as the hIt ratio, fc/ft ratio, and Fy in-
crease. However, an increasing wit ratio will result in 
a reduction of the postbuckling strength. 
c. Factors of Safety of Beams Against the Design Loads 
In the design of cold-formed steel beams having stiffen-
ed compression flanges based on the current AISI Specif-
ication. the allowable bending stress in webs, Fb, can be 
determined either by Eq. 21 {for web yielding} or Eq. 22 
(for web buckl ing). whichever is smaller. 
(21) 
(22) 
Equations 21 and 22 are the maximum allowable bending 
stresses specified in Section 3.4.2 of the AISr Specification {3}. 
Consequently, the allowable design loads P were 
. , a' 





P = 2( x b) 
a a (23) 
Sx = section modulus of the beam section, for which 
the effective width of the compression flange 
was determined on the basis of f = Fb in the 
formula given in Section 2.3.1.1 of the AISI 
Speci fi cati on. 
Other symbols have previously been defined. 
The numerical value of Pa for each test is 
presented in Table 8 along with the tested ultimate load, 
(Pu)test. The actual factor of safety with respect to the 
current AISI design criteria, (Pu)test/Pa' is also given 
in Table 8. 
A close examination of Table 8 indicates that the actual 
factor of safety for the beam members tested depends upon 
the magnitude of four significant parameters, hIt, wit, 
fclft, and Fy. A discussion of the actual factors of safety 
based upon these four parameters follows: 
i. wit ~ (w/t)l im 
i-a. hit ~ 150 
For beam specimens in this category, beam Nos. B-1, 
B-2, B-3, B-10, B-ll, and B-12, which have both a low and 
high yield strength and fc/ft ~ 1.0, the current AISI 
design provisions provided an adequate factor of safety 
(1.58 to 2.02). 
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Table 8 indicates that for beam members having a 
hit 2 150, wit < {r)lim' and fc/ft>l.O (beam Nos. MB-ll 
and MB-12) slightly conservative factors of safety were 
obtained for channel specimens formed from sharp yield-
ing steel. Conversely, similiar specimens formed from 
gradual yielding steel provided a lower factor of safety 
of 1.41 (beam Nos. MB-3-1 and MB-3-2). 
i -b . hi t > 150 
Extremely conservative factors of safety (2.47 to 4.18) 
were developed for beam specimens Nos. B-C1, B-C2, MB-Cl, and 
MB-C2. This is possibly due to the high post buckling strength 
of these deep be .. welts hav·iflg hit ratios beyond 150. It has 
been realized that the current AISI Specification does not 
apply to the design of these beam sections. This comparison 
serves as an indication for the need of change of the current 
AISI design provisions if they are to be used for the case of 
hit> 150. 
ii. wIt> (w/t)l. 1m 
ii-a. hit < 150 
Beam specimen Nos. B-14 and B-17 made of sharp yielding 
steel with hit ~ 125 and fcfft ~ 1.0 developed factors of 
safety in the range of 1.44 to 1.62. A slight overestimation 
of the postbuck1ing strength of these members by the current 
design provisions contributed to these relatively low factors 
of safety. 
For beam members formed from sharp yielding steel having 
hIt ~ 150 and fcfft ~ 1.0 (beam Nos. 8-15, 8-18, H-1, and 
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H-2), adequate factors of safety of 1.55 to 1.93 were 
developed. However, similiar specimens formed from gradual 
yielding steel (beam' No. B-9) developed low factors of 
safety of 1.34 and 1.43. The low factors of safety 
for beam No.B-9 are due to the use of gradual yielding steel 
for this beam specimen. 
For the case of fclft > 1.0, the factors of safety for 
specimen Nos. MB-9, MB-17, and MB-18 are approximately the 
same as specimen Nos. B-9, B-17, and B-18 respectively. 
See Table 8. However, for hat sections having wIt = 150 
and 300, the factors of safety for specimen Nos. H-3 and 
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H-4 are lower than that for specimen Nos. H-l and H-2, respectively, 
The effects of fclft and wIt ratios on the postbuckling strength 
of web elements are discussed in Section III.C.4.c. 
ii-b. hIt> 150 
Beam specimen Nos. H-5 and H-6 provided large factors of 
safety ranging from 2.17 to 2.94. These conservative 
quantities resulted from the large postbuckling strength 
of the members having hIt ratios of 200 and 250. These 
specimens also had felft ~ 1.0. 
Conservative factors of safety of 1.95 to 2.83 were also 
obtained for beam Nos. H-7 and H-8 having fclft > 1.0. The 
large postbuckling strength of the web elements contributed to 
these conservative values of the factor of safety. 
Even though the current AISI Specification does not apply 
to the design of beam webs having hIt> 150, the above 
dbcussion serves as important bac.kground information if the 
AISI design Specification is extended to cover the desic:m of 
beam webs with hIt ratios beyond 150. 
d. Failure Modes 
In Table 8, the types of failure modes are indicated for 
each test. A study of the .actual failure modes observed 
from the tests and the current AISI design criteria revealed that 
for some beams, the allowable stress used in design does not seem 
to reflect the true structural behavior of the member. For 
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example, as given in Table 8, the designs of specimen Nos. 8-14,8-17, 
MB-ll, and MB-17 according to the AISI Specification were based 
on the basic design stress, F, because it was less than the alloH-
able bending stress for the webs, Fbw ' This means that the design 
loads of these beams were governed by the strengths of the compression 
flanges. However, these beams actually failed by web buckling or by 
a combination of flange buckling and web buckling. The premature 
failures of specimen Nos. B-14~ B-17, M8-11 , and MB-17 were due to the 
inadequate postbuck1ing strengths of web elements having moderate 
hIt ratios and the overestimation of the allowable stress for the 
bending of the webs. 
In addition, the current AISI Specification does not seem to 
reflect the true structural behavior for Specimen Nos. B-3, 8-9. 
MB-3, and MB-9 made of gradual yielding steel. 
For the aforementioned reasons, in the determination of 
the allowable bending st~ess for webs, due consideration should 
be given to the actual postbuckling strength and buckling 
coefficient, k. with the possible need of reduction due to 
, .. , .. t1c behlvtor. 
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Typical failure modes for web buckling are shown in Figs. 17 and 18. 
e. Bending Stress Distribution in the Webs 
Correlation between the measured stress obtained from strain gage 
readings and the computed stress evaluated by classical beam theory is 
shown in Figs. 19 through 21. For the specimens represented in Figs. 19 
through 21, the stress distribution at midspan is given for the following 
load conditions: (i) prior to web buckling, (ii) observed web buckling 
load, and (iii) failure load. 
The stress distribution was expected to be linear until web buckling 
occurred, at which time the buckled portion of the web was expected to 
develop a nonlinear stress distribution and a downward shift of the 
neutral axis. This behavior was anticipated, because after buckling the 
compressive area of the web was no longer fully effective. However, this 
is not the behavior indicated by Figs. 19 through 21, which show a 
relatively linear stress distribution even at the failure load and very 
little movement of the neutral axis. This behavior may be due to the 
fact that failure actually occurred at a location away from midspan, 
and the effective area of the web does not influence the location of the 
neutral axis as much as the effective area of the flange. 
f. Beam Deflections 
With regard to the deflection, the measured results correlated well 
with the computed values when the full area of beam web was used. 
5. Development of Modified Design Methods 
Based on the test results discussed in the previous sections, design 
modifications have been developed in this investigation. 
This section includes detailed discussions on the design of beam 
webs us i ng the full web depth and the effective web depth. The 
computed ultimate bending moments have been compared with the 
available test data. 
a. Full Web Depth Method 
Based on the results obtained from this test program, 
three approaches have been developed for the design of beam webs. 
One method utilizes the postbuckling stength of web elements 
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whereas the other two rnet-Actds'elRf'loy the reduction of moment resistance 
occassioned by the interaction of the flan~e and web elements. 
i. Method I - Postbuckling Strength Factor 
The postbuckling strength of beam webs has been studied 
on the basis of experimental results obtained from this test 
program and has been found to be a function of four significant 
parameters. The parameters in question are the depth-to-thick-
ness ratio of the web, the bending stress ratio (fc/ft ), the 
flat width-to-thickness ratio of the compression flange, and 
the yield point of the material. 
From an indepth stull of each of the aforementioned 
parameters, it was found that the postbuckling strength 
increases as the hIt ratio, fclft ratio, and Fy increase. How-
ever, an increase of the wIt ratio will result in a reduction 
of the postbuckling strength. This is shown graphically by 
Figs. 22 through 25, which are plots of the tested postbuckling 
strength versus the various panneters. Also presented;n these 
figures are the respective a terms, which have been derived and 
are given by the following equations: 
in which 
(24) 
~ = postbuckling strength factor 
= Pu/Pcr 
a l = 0.017 (h/t) -0.790 (24a) 
~ = 0.462 I fc/ft I + 0.538 * (24b) 
a3 = 1.16-0.16 (w/t)/(w/t)lim ~ 1 .0, ** when 
(~)/(~)lim ~ 2.25 (24c) 
= 0.80, when (w/t)/(w/t)lim > 2.25 
a4 = 0.561 (Fy / 33) + 0.10 *** (24d) 
Pu = failure load for beam specimen 
Pcr = theoretical web buckling load 
(w/t)lim = limiting wit ratio computed in accordance with 
Section 2.3.1.1 of the AISI Specification for 
load determination. In the development of 
Eq. 24c, a value of 0.6 F was used as "f" in y 
Section 2.3.1.1. 
The comparison of the tested and computed postbuckling strength 
factors is presented graphically by Fig. 26, which indicates that 
Eq. 24 adequately predicts the postbuckling strength to within + 20 
percent of the tested value. 
By using the postbuckling strength factor, the moment capacities 
of the beam specimens governed by web elements can be computed by the 
*Based on the regression analysis, a2 = 0.498 Ifc/ft/ + 0.540. Eq. 24b 
was conservatively selected to give a2 = 1.0 for /fc/ft/ = 1.0. 
**Based on the regression analysis, a~ = 1.244 - 0.234 [(w/t)/(w/t)lim] 
when (w/t)/(W/t)]im ~ 2.0. Eq. 24c was selected to give a3 = 1.0 
for (wit) ~ (w/t}lim' 
***The unit for Fy is ksi. 
following equation: 
in which. S is the section modulus computed for the full web area and 
x 
the effective compression flange area determined on the basis of fcr' 
----- -- -------
S; is the section modulus computed for the full web area and the 
effective compression flange area determined on the basis of Fy. 
The accuracy of this method is domonstrated by the ratio of 
(Mu)test/(Mu)comp which is tabulated in Table 9. The ratio varies 
from 0.825 to 1.20 and has a mean value of 1.023 with a standard 
deviation of 0.0761. 
Based on the above results, a new design approach is proposed 
which will use the postbuckling strength factor,~. This approach 
is outlined by the flow chart given in Fig. 27. 
ii. Method II-Reduction in Moment Resistance 
In regions having large bending moments, a portion of a thin 
web may deflect laterally on the compression side of the neutral axis 
and therefore will not provide the full bending resistance. The 
compression stress, which the web would have resisted, is, therefore, 
shifted to the compression flange. To compensate for this reduction 
of the flange capacity, Section 1.10.6 of the AISC Specification (12) 
reduces the allowable design stress in the compression flange for 
beam webs having hIt> 760/!rb. When hIt> 760/!rb, the maximum 
stress in the compression flange should not exceed 
Fb = Fb[1.0-0.0005 ~ (hit - 760)] (25) 
f IFb 
in which Fb = app1 ied bending stress given in Section 1.5.1 
of the AISC Specification (12) 
Aw = full area of web element 
Af = full area of flange element. 
Based on the results of this test program, Eq. 26 has been 
derived for the reduction factor, A, to be used for estimating the 
reduced bending capacity of cold-formed members having 
hit> 136.81 1KlF,;. 
A = 1.197 - 0.00144(h/t) ~ ~ 1.0 (26) 
The symbol A represents the ratio of (Pu)test/(Py)theo. All other 
symbols have previously been defined. The unit for Fy is ksi. 
It should be noted that the aforementioned limiting hit ratio 
of 136.81 IKlF,; was derived from the test data involved with the 
inelastic behavior due to the use of gradual yielding steel and the 
imperfect web elements. This ratio is smaller than the idealized 
value given in Eq. 15, which was based on elastic buckling. 
Fig. 28 presents a plot of (Pu)test/(Py)theo versus the 
parameter hit ~,' from which Eq. 26 was derived. 
By using Eq. 26, the computed ultimate moments, (Mu)comp' of 
the beam specimens governed by web elements can be determined by 
in which the value of S is determined by using the full web area x . 
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and the effective flange area subject to a stress of Fy ' 
The IOment capacities of the beam specimens used in this test 
program were evaluated and are listed in Table 10. The accuracy 
of this approach is indicated by the ratio of (Mu)test/(Mu)comp' 
which is also given in Table 10. A review of this table 
indicates a range of the (Mu)test/(Mu)comp ratios from 0.852 
to 1.200 with an average of 1.005. The standard deviation is 
0.0675. 
Based on the findings of this investigation, Eq. 26 could 
be incorporated into a new design method as outlined in Fig. 29. 
iii.Method III - Simplified Equation for Reduction in Moment 
Resistance 
Even though Eq. 26 provides a reasona.ble estimation of 
the reduced bending capacity for beam members having large 
hIt ratios, the numerical value of A m~ be difficult to 
determine. This is due to the problems involved in evaluating 
the buckling coefficient, k, which is a function of the bending 
stress ratio, the aspect ratio, and the boundary conditions 
of the web element. Thus, a simplified equation for the 
reduction in flange stress has been developed and will be 
presented herein. 
Figure 30 presents a plot of the (P)t t/(P )th ratio 
. u es y eo 
versus hIt ~, from which a simplified expression for the 
reduction factor was developed. This simplified expression 
for AI to be used for hIt> 623.15 It:: is as follows: 
.. y . 
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AI= 1.210-0.000337(h/t)~ < 1.0 y- (27) 
By using Eq. 27, the moment capacity and the ratio of tested 
to computed moment capacity for each beam specimen were cal-
culated and are tabulated in Table 11. An examination of 
Table 11 indicates that the ratio of (M)t t/(M) varies u es u comp 
from 0.804 to 1.189 and has a mean value of 1.002. The standard 
deviation is 0.0803. 
As stated in the previous discussion, a reduction factor, 
AI, could be incorporated in a design method as outlined by Fig. 29. 
b. Effective Web Depth Method 
A study was undertaken to investigate the strength of 
beams subjected to bending stress by using an assumed bend-
ing stress distribution for the compression region of the 
web after buckling. Information on the magnitude of the 
effective web depth, Ye' was gained from the tests by using 
the maximum compressive and tensile stresses at the outer 
fibers obtained from strain gage data along with the location 
of the neutral axis, also established from strain gage read-
ings. Knowing this information, it was possible to compute 
the corresponding value of Ye by satisfying internal equilibrium. 
Based upon the work of Swedish investigators (13-16), it 
seems reasonable to assume that the value of Ye is a function 
of E. k,h,t, and the maximum compressive stress, f~ Consequently, 
the relationship between (ye/t)1fIkE and (h/t)lf7k[was obtained 
as shown in Fig. 3). Although the scattering of the test results 
is considerable,it can be seen that the parameter (ye/t)/f'lIT 
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appears to be equal to a constant value for different (h/t)Jf'/kE. 
The scattering is apparently due to the extreme sensitivity of 
this method to very minor experimental deviations. An application 
of a least squares fit to the test data of Fig. 31 produced the 
following formula for Ye: 
Y = 0.358 t IkE/f' ~ .y** 
e 
(28) 
Based on the strain gage readings obtained from the tests·of 
channels, an expression for the maximum compressive stress, f', was 
developed and is given by the following equation: 
in which 
f' = 8' F 
-Y (29) 
B I = the stress reduction factor (29a) 
= 'Yl'Y2 ~ 1.0 
'Yl = 1. 037-0. 000125(h/t)~ * (29b) 
'Y2 = 1.0735-0.0735(w/t)/(w/t)11m' when 
1.0 < (~)/(w/t)lim < 2.0 (29c) 
= 1.0, when (w/t)/(w/t)lim ~ 1.0 
{w/t)lim = 171/JO.6Fy 
Figures 32 and 33 show the relationship between the stress 
reduction factor and the parameters (h/t)~ and (w/t)/(w/t)l' 
. y 1. 
based on the test data on channels. A comparison of the tested and 
computed stress reduction factor is given in Fig. 34. It can be seen 
that the correlation between the tested and computed stress reduction 
* The unit for F and f'is ksi. . 
** y = actual c~pression. portion of tn.' ~ element", 
factor is within + 20 percent for all but three beams. 
Equations 28 and 29 were evaluated for 40 specimens made of 
channels. The numerical values are listed in Table 12. For the 16 
hat sections having large wIt ratios ranging from about 146 to 306, 
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all sections failed in flanges even though the web elements had hIt 
ratios from about 149 to 262. The edge stress in the compression 
flange reached the yield point of steel for all 16 specimens. For this 
reason, ~I was taken as unity in Table 12. Also given in Table 12 are 
the tested and computed ultimate bending moments along with their 
ratio, (Mu)test/(Mu)comp. The latter is an indication of the accuracy 
of the effective web depth approach to predict the moment capacity of 
beam members by using Eqs. 28 and 29 in conjunction with the assumed 
stress distribution (Fig. 35). A study of Table 12 reveals that the 
ratio of (Mu)test/(Mu)comp ranges from 0.864 to 1.195 and has a mean 
value of 1.012. The standard deviation is 0.0639. 
c. Comparison of the Tested and Computed Ultimate Bending Moments 
Based on Various Methods 
The tested and computed ultimate bending moments for the beam 
specimens were compared by using nine different methods. Five of these 
methods, Bergfelt (13), Hoglund (16), Thomasson (15), and the UMR 
method developed herein, employ the effective web depth concept. The 
remaining four methods, the AISI method and the three UMR methods 
discussed in this report, ulti1ize the full web depth (Fig. 36) for 
computing the ultimate bending moment. 
The ratios of (M u)testl (Mutcomp for the test specimens 
are given in Table 13 and are discussed in the following 
section •. 
i. AISI Method (1968 Edition) 
The computed ul timate moment capacity, (M'u)comp' based 
on the current AISI Specification was determined by the 
following formula: 
(30) 
The section modulus,S, was based on the effective area 
x 
of the compression flange and full area of the web. The 
effective width of the compression flange was determined on 
the basis of the maximum permissible stress, Fb, which is the 
smaller of the two values given by Eqs. 31 and 32. 
F = F b (31 ) 
(32) 
The quantities, F and Fbw ' are defined in Sections 3.1 and 
3.4.2 of the AISI Specification, respectively. 
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The factor of safety, F.S., used in Eq. 30 is 1.67 even though 
the value of Fbw was ori gi na 11y deri ved on the bas i s of a factor of 
safety of 1.23. This means that if Eq. 32 governs, the postbuck1ing 
strength factor for the bending of beam webs is considered to be 
1.67/1.23 = 1.36. 
A study of Table 13 reveals that for beams fabricated from 
channel sections having hIt ratios of approximately 150 or less 
the AISI method provides good correlation between the tested and 
computed ultimate bending moments. 
Because of the large postbuckling strength for web elements 
with hIt ratios of 200 and 250, conservative ratios of {Mu)test!(Mu)comp 
can be obtained for beams having hit> 150 if the AISI Method is 
used. This is true for beam members fabricated from both channels 
and hat sections. 
Relatively low ratios of (Mu)test/(Mu)comp were noted for the 
beam specimens fabricated from gradual yielding steel and a large 
bending stress ratio. See the discussion of Table 8 which appears 
on pages 31 to 33. 
i i. UMR Methods 
The four UMR methods discussed below are based upon two 
design approaches: the full web depth and the effective web depth. 
1. Full Web Depth Approach 
In the UMR methods, Nos. I, II, and III, described in Section 
III.C.5, the full web depth is used to evaluate the ultimate moment 
capacity. 
a. Method I - Postbuckling Strength Factor 
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The postbuckling strength factor method provides a good correlation 
between the tested and computed ultimate bending moments for all 
sections. This is indicated by a mean value of 1.023 and a standard 
deviation of 0.0754. 
b. Method II - Reduction in Moment Resistance 
For the reduction of moment resistance methods the ratio of 
(M)t t/(M) varies from 0.852 to 1.200 and has a mean of 1.005. 
u es u comp 
The accuracy of this method is also reflected by the relatively 
low value of 0.0669 for the standard deviation. 
c. Method III - Simplified Equation for Reduction 
in Moment Resistance 
A study of Table 13 indicates close agreement between the 
tested and computed u1ti~ate bending capacity for all of 
the specimens.. This is indicated by the values of the mean 
and standard deviation, 1.002 and 0.0796,respective1y. 
2. Effective Web Depth Approach 
By using the UMR effective web depth approach, good 
results were obtained for the ratio of the tested and computed 
ultimate bending capacities. The accuracy of this method is 
demonstrated by a mean value of 1.012 and a standard deviation 
of 0.0639. 
From the preceding discussion, it can be concluded that 
anyone of the four UMR methods can be used as a general approach 
to predict the ultimate moment capacity of beam webs "having a 
hit ratio of 250 or less. 
iii.Swedisb Methods 
A comparison of the tested and computed ultimate bending 
moments based on the four Swedish methods is presented 
in the following" discussion. All of these methods employ the 
effective web depth concept to calculate (Mu)comp. 
1. Hoglund's Method (16) 
An examination of Table 13 indicates that the ultimate 
bending moment computed with Hogl und I s method corre1 ated well 
with the tested ultimate bending moment for the beam specimens 
fabricated from channel sections. However, for beam specimens 
using hat sections, this method underestimated the bending 
capacity of the test specimens as indicated by the rather 
large values of the {Mu)test/{Mu)comp ratio. This may be due 
to the fact that Hoglund's method is based.O".tes~s conducted 
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on plate girders having relatively compact flanges and f
c
/ft =1.0. 
2. 8ergfe1t ' s Method (13) 
8ergfe1t ' s method provided satisfactory values for the 
(Mu)test/(Mu)comp ratio for those test specimens fabricated 
from channel sections. However, this method underestimated the 
ultimate bending capacity for the hat sections having hit ~ 150. 
This result is attributed to the fact that 8ergfe1t ' s method 
is derived from tests conducted on deck sections that had low 
and moderate hit ratios. 
3. Thomasson's Methods (15) 
For both methods derived by Thomasson and compared in 
Table 13,beam specimens fabricated from channel sections 
developed satisfactory values for the ratio of (M )t st/(M) . u e u comp 
However, for beam specimens which used hat sections, both 
methods underestimated the bending capacity. This is indicated 
by the large values for the ratio of (Mu)test/(Mu)comp given 
in Table 13. The conservative values calculated for the ratio 
of (Mu)test/(Mu)comp stem from the fact that Thomasson's work 
was conducted with deck sections having lower hit ratios as 
compared with those used in the UMR test program. 
D. Summary and Design Recommendations 
1. Surrmary 
To obtain the objectives that were set for this investigation, 
44 
i.e., to study the structural behavior of cold-formed steel beam webs 
subjected to a pure bending stress and to develop additional design 
criteria as necessary, a total of 68" beam specimens having stiffened 
flanges were tested. Based upon the results of these tests, the 
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following conclusions can be·drawn: 
a. For beam members having wIt ~ (w/t)lim and hIt ~ 150, 
the buckling stress of web elements subjected to bending 
can be predicted by the theoretical equation provided 
that the buckling coefficient is determined according 
to the actual ratio_of the maximum compressive and 
tensile stresses. However, for those members having 
wIt> (w/t)lim' early flange buckling may cause 
premature buckling of the web element. 
b. For the beams tested, the buckling stress of the 
compression flanges can be adequately predicted 
by the theoretical equation with k = 4.0. 
c. The postbuck1ing strength of the web element 
is available, and its magnitude was found to vary 
according to the depth/thickness ratio of the 
web, the bending stress ratio, the flat widthl 
thickness ratio of the compression flange, and the 
yield point of the material. An equation for 
computing the postbuck1ing strength of web 
elements was derived and is presented in 
Section III. C.5. 
d. For beam specimens having hIt ~ 150, 
f/ft !:! 1.0~ wIt ~ (w/t)lim' and both high and 
low yield strength, the current AISI design 
provisions provide an adequate factor of safety. 
However, for other value sand combi nat 1 on s of 
these parameters. the current AISI Speciftcation 
may not give satisfactory factors of safety. 
e. Four methods for computing the ultimate moment 
capacity are described in Section III. C.S. 
Three of these methods use a full web depth while 
the fourth employs the concept of an effective 
web depth. 
f. The accuracy of the four UMR methods for evaluating 
the ultimate moment capacity was compared with five 
methods from the literature. The four UMR methods 
provide a satisfactory prediction for the moment 
capacity for all of the test specimens. This is not 
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the case for the five methods taken from the literature. 
g. New design procedures were developed for the hIt ratios 
up to 250. 
2. Design Recommendations 
Based on the findings of this research project involving the 
capacity of web elements under bending, the following design 
recommendations are proposed for consideration. Equations 33 to 37 
can be used for hIt ~ 250. 
a. Full Web Depth Approach 
i. Method I - Postbuckling Strength Factor 
For beams having stiffened compression flanges, the compressive 
stress in a flat web that results from bending in its plane* shall 
not exceed either F or ~Fbw: 
where F = basic design stress = 0.60 FyI ksi 
*The compression stress in the web is computed from the section 
modulus Sx based on the full web area and the effective compression 
flange ~rea'of the beam section determined on the basis of Fbw or F, 
whichever is smaller. 
F = 16000k, ksi 
bw (h/t)2 
a1 = 0.017(h/t) - 0.790 




a3 = 1 .16-0.16(w/t)/(w/t)lim) < 1.0, when 
(~)/(~)lim .s. 2.25 
= 0.80, when (w/t}/(w/t)lim > 2.25 
a4 = 0.561 (Fy/33) +0.10 
k = 4 + 2(1+~)3 + 2(1+~) 
~ = I ft/fc I 
F = yield point of steel, ksi y 
f t = maximum tensile bending stress in web, ksi 
f = maximum compressive bending stress in web, ksi 
c 
h = clear distance between flanges measured along the 
plane of web, in. 
t = thickness of flange or web, in 
w = flat width of compression flange, in. 
(w/t)lim = limiting wIt ratio computed in accordance with 
Section 2.3.1.1 of the AISI Specification for 
load determination, in which the value of "f" 
may be taken as 0.60 Fy ' 
In addition, the tensile stress in a web that results from bending in 
its plane shall not exceed the basic design stress, F, for beams having 
a neutral axis closer to the compression flange. Equation 33 is derived 
from Eq. 1. The factor of safety is 5/3. 
A flow chart indicating the use of this method is shown in Fig. 27. 
•• --> • • • ··-~--·~7-··~ :. . 
Appendix A contains a design example using this method. 
ii. Method II - Reduction in Moment Resistance 
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For beams having stiffened compression flanges, the maximum 
bending stress in a flat web that results from bending in its plane* 
shall not exceed AF: 
in which A = 1.197-0.00144 (h/t)~ ~ 1.0 
F = basic design stress = 0.6 Fy 
k = 4 + 2(1+S)3 + 2(1+S) 
S = Ift/fc l 
Fy' hand t were previously defined. 
(35) 
Figure 29 is a flow chart showing the correct use of Eq. 35. Appendix 
A contains a design example using this method. 
iii. Method III - Simplified Equation for Reduction in Moment 
Resistance 
For beams having stiffened compression flanges, the maximum 
bending stress in a flat web that results from bending in its plane* 
shall not exceed A'F: 
in which AI = 1.210 - 0.000337(h/t)~ ~ 1.0 (36) 
Fy' h, and t were previously defined. 
Figure 29 is a flow chart depicting the use of Eq. 36. A sample 
design problem using this method is presented in Appendix A. 
b. Effective Web Depth 
For beams having stiffened compression flanges, the effective 
design depth for the compression portion of a web element under bending 
. . 
*The maximum bending stress in the web is computed from the section 
modulus based on the full web area and the effective compression flange 
area of the beam section. 
can be determined by the following formula: 
Ye = 47.63 t~ ~ y** (37) 
in which y = effective design depth for the compression e . 
portion of a web element, in. 
fll = elF 
e l = stress reduction factor = Y1 Y2 ~ 1.0* 
Yl = 1.037 - 0.000125(h/t)~ 
Y2 = 1.0735 - 0.0735(w/t)/(w/t)lim' when 
1.0 < (~)/(~)lim < 2.0 
= 1.0, when (w/t)/(w/t)lim ~ 1.0 
k = 4 + 2(1+e)3 + 2(1+S) 
e = Ift/fc l 
(w/t)lim = 171/{O.6Fy 
F = basic design stress for web, ksi 
h,w, and t were previously defined. 
49 
A sample design problem using the effective web depth method is 
given in Appendix A. 
For the purpose of design, Method III provides the easiest 
calculation for determining the allowable bending capacity of web 
elements. 
*When (w/t)/(w/t)lim > 2.0, 61 = 1.0. 
** y = actual compression portion of the web element. 
IV. STRUCTURAL BEHAVIOR OF BEAM WEBS FOR MEMBERS HAVING 
UNSTIFFENED COMPRESSION FLANGES 
A. General 
The purpose of the analytical and experimental investigation 
of the structural behavior of beam webs for members having un-
stiffened compression flanges conducted at UMR was to evaluate 
the buckling and postbuckling strength of web elements under 
bending. The conclusions drawn from this research serve asa 
basis for developing new design provisions governing the bending 
capacity of beam webs for members having unstiffened compression 
flanges. 
B. Analytical Study 
From the discussion presented in Section III.B, the buckling 
and postbuckling strength of beam webs is a function of the hit 
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ratio of the web, the bending stress ratio, the yield point of the 
steel, and the wit ratio of the compression flange. Because of the 
large number of significant parameters and the complex interacting 
behavior of the flange and web elements, an analytical solution for the 
stability problem of plate assemblies is extremely cumbersome. Hence, 
an experimental study was performed to develop emperical formulas 
for the design of beam webs. 
C. Experimental Study 
The objective of this experimental investigation was to evaluate 
the buckling and postbuckling strength of web elements subjected 
to bending. Consideration was first given to the effects of the 
web slenderness ratio, the yield strength of the steel, the bending 
stress ratio in the web, and the flat-width to thickness 
ratio of the compression flange. A specific study was 
conducted to determine the interaction between flange buckling 
and web buckling. For this study, test specimens were specially 
designed on the basis of the following provisions: 
• The wIt ratio of the compression flange was selected to 
be less than63.3/;r; as specified in Section 3.2 of 
the AISI Specification (3) • 
. Local buckling of the compression flange would occur 
prior to web buckling. 
A total of 34 beam specimens having unstiffened compression 
flanges were tested under bending stress. These 34 specimens 
consisted of 23 beam members fabricated from channel sections 
(Fig. 37) and 11 modified beam specimens connected as shown 
in Fig. 38. 
The test program for these 34 beam specimens are di s-
cussed under the titles of preparation of beam specimens, 
testing of specimens, results of tests, evaluation of test data, 
and development of .11!0di fi ed, des.ign me~h_<>.ds. 
1. Preparation of Beam Specimens 
The 34 beam specimens having unstiffened flanges were 
fabricated in the same manner as di scussed in Section II I.B for 
members with stiffened flanges. The dimensions of the cross 
sections and the span lengths for all the specimens are given 
in Table 14. 
As· discussed in Section III.S, after the specimens were 
fabricated, side channels were attached to the beam webs with 
self tapping screws. Grid lines were p18tt~ Qn one of the 
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beam webs over the center third of the beam. Foil strain 
gages were then mounted on the web and both flanges of each beam 
specimen as shown in Figs. 39 and 40. 
2. Testing of Specimens 
(a) Tensile Coupon Tests 
The mechanical properties of the steel used for the beam 
specimens were determined by standard tensile coupon tests. 
Table 4 gives the test data on the yield point, ultimate tensile 
strength, and elongation measured from a 2-in. gage length. 
The beam specimens and their respective yield points are 
presented in Table 15. 
(b) Testing of Beam Specimens 
All of the beam specimens were tested in the Engineering 
Research Laboratory at UMR. The setup and procedures employed 
for this series of tests are the same as those used in earlier 
tests for beam members having stiffened flanges. A detailed 
discussion is presented in Section III.C. 
3. Results of Tests 
For each test specimen, the following applied loads were 
obtained and recorded as applicable: 
{P)w the critical load initiating web buckling cr -
test 
caused by bending stress. 
{pcr)f - the critical load initiating flange 
test 
buckling caused by compressive stress. 
(p ) the load at which the bending stress in y test -
the extreme fibers of the flange reach 
the yield points. 
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(p ) the maximum failure load for the beam u test -
specimen. 
The test data for all 34 beam specimens in this series 
are given in Table 16. The same techniques were used to obtain 
, 
the test data for unstiffened flange members as was used for 
stiffened flange members. Details of these techniques are 
discussed in Section 111.C.3. 
4. Evaluation of Test Data 
The aforementioned observed test loads are compared with 
their respective theoretical loads in this section. A detailed 
discussion of the theoretical formulas is presented in Section 
III. C.4. These same expressions are used for the 34 beam members 
in this series with one modification; this is the value of the 
buckling coefficient for an unstiffened flange element that is 
used in Eq. 16., In this case, a constant value of 0.425 was 
used in calculating the flange buckling load, (Pcr)ftheo. 
The computed theoretical loads are listed in Table 17. 
The results of the 34 beam specimens having unstiffened 
flange elements have been carefully reviewed and evaluated. 
Based on this indepth evaluation, the following five topics are 
discussed in this section: 
. Comparison of the experimental and theoretical 
critical buckling loads and yield loads . 
• Postbuckling strength of webs subjected to bending 
stress • 
• Factors of safety of beams against design loads. 
• Failure modes. 
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. Bending stress distribution in the webs. 
a. Comparison of the Experimental and Theoretical 
Buckling Loads and Yield Loads 
Comparisons of the experimental and theoretical loads as 
given by the ratios (Pcr)w I(Pcr)w ,(Pcr)f I(Pcr)f , 
test theo test theo 
and (Py)test/(Py)theo are presented in Table 17. As indicatedin 
the table, the ratio of (Pcr)W I1Pcr)w varies from 0.375 
test theo 
to 1.055. This extemely poor correlation between tested and 
theoretical web buckling loads may be the result of early flange 
buckling, insufficient edge stiffness provided by the unstiffened 
flanges, inaccuracy of the measuring technique,or combinations 
thereof. 
Although Table 17 contains the numerical values of 0.667 to 
1.B35 for the ratio of (Pcr)iest/(Pcr)iheo' these quantities do 
not depict the true buckling load, which for some specimens was 
visually observed at a smaller applied load. The error in these 
values is obviously due to the insensitivity of the strain gages 
to recognize the formation of a buckle wave. 
Table 17 also gives values for the ratio of (Py)test/(Py)theo' 
For specimens Nos. B-U-1-2, B-U-4-1, B-U-B-l, B-U-B-2, MB-U-7-l, 
MB-U-B-l, and MB-U-B-2, this ratio varies from 0.905 to 1.049. 
However, specimens Nos. B-U-l-l and B-U-7-2 had values of 0.B04 
and 0.B22 respectively. These low values were due to premature 
yielding caused by lateral buckling. For specimens Nos. B-U-5-2 
and MB-U-2-l, values of 0.794 and 0.661 respectively were obtained 
for the ratio in question. These rather low values may be attri-
buted to the redistribution of the stress resulting from large 
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buckle waves in the flange and/or the web. 
b. Postbuckling Strength of Webs Subjected to Bending Stress 
The postbuckling strength of beam webs developed during 
testing can be represented by the ratio of (Pu)test/(Pcr)~heo' 
The numerical value of this ratio was computed and tabulated 
for each test specimen (Table 17). 
A study of the postbuckling strength as given in Table 17 
indicates that the postbuckling capability of beam webs subjected 
to bending varies with respect to four parameters: the hIt 
ratio of the web, the bending stress ratio, the wIt ratio of the 
compression flange, and the yield point of .the material. 
As was the trend for beam members with stiffened flanges, 
the postbuckling strength of web elements increases as the hIt 
ratio, fclft ratio, and Fy increase for beam members having 
unstiffened flanges. However, the postbuckling strength decreases 
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as tbe w/t.,·ratio increases. This behavior can be observed by examining 
Table 18. 
c. Factors of Safety of Beams Against the Design Loads 
In the design of cold-formed steel beams having unstiffened 
compression flanges, the allowable or working stress against 
flange failure, Fc' as determined by Section 3.2 of the AISI 
Specification (3),is as follows: 
. For wIt not greater than 63.3/!rJ: 
Fc = O.6Fy (38) 
• For wIt greater than 63.3/1t,; but not greater than 
l44/11j : 
Fc • Fy[O.767-(2.64/l03){~).;r;J (39) 
. For wIt greater than 144/~ but not greater than 25: 
Fc = 8,000/(w/t)2 (40) 
• For wIt from 25 to 60: 
Fc = 19.8-0.28(w/t) (41) 
Section 3.4.2 of the AISI Specification (3) limits the 
allowable web stress for buckling by the following formula: 
Fbw = 520,000/(h/t)2 < F (42) 
To prevent beam failure, the allowable stress is the smaller 
value determined by Eqs. 38 through 42. 
Consequently, the allowable design loads, Pa , were computed 
for the test specimens by using Eq. 43. 
in which 
SxFb 
P = 2-a a (43) 
Sx = the section modulus of the full area of 
the beam section 
Fb = the value of Fc or Fbw ' whichever is smaller· 
Other symbols have previously been defined. 
The numerical values of Pa for each test specimen are 
presented in Table 19 along with the tested ultimate load, 
(Pu)test. The actual factors of safety with respect to the 
current design criteria, (Pu)test/Pa' are also given in Table 19. 
A study of this table reveals that the actual factors of 
safety for the beam specimens tested depend upon the magnitudes 
of the hIt ratio of the web, the wIt ratio of the flange, and 
the fc/ft ratio. The factors of safety computed on the basis of 
test results are discussed as follows: 
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i. wit ~ 63.3/~ 
a. hit ~ 150 
For beam specimen Nos. B-U-2 (fc/ft ~ 1.0) and MB-U-2 
(fc/ft > 1.0), the current design provisions yield small 
factors of safety (1.29 to 1.45). The low factors of safety 
apparently result from overestimation of the postbuck1ing 
strength of web elements, the insufficient support provided 
by the flange. and the use of a constant buckl ing coefficient for 
beam webs with bending stress ratios (fc/ft) exceeding 1.0. 
Beam Specimen Nos. B-U-1-1, B-U-7-1, and MB-U-7-2 developed 
factors of safety from 1.45 to 1.51. It appeared that this was the 
result of a premature failure resulting from lateral buckling of the 
member. A modification in the lateral support system resulted in 
acceptable factors of safety for beam Nos. B-U-1-2, B-U-7-2, and 
MB-U-7-1. 
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b. hit ~ 150 
From Table 19, beam Nos. B-U-3-1 and 8-U-3-2 were the only 
specimens governed by buckling of the web if the present AISI design 
provisions are used. These two specimens in question developed 
factors of safety of 1.82 and 1.83 respectively. The constant 
postbuckling strength factor assumed by the AISI Specification slightly 
underestimated the postbuckl ing capabil; ties of these members, thereby 
contributing to the larger factors of safety. 
ii. wIt > 63.3/~ 
a. hIt ~ 150 
Conservative factors of safety (1.84 to 2.58) were obtained for 
beam Nos. B-U-4. B-U-5. B-U-8, and B-U-9 (fc/ft=l.O). It seems that the 
large postbuckling strength of the web and/or flange contributed to 
these large numerical values for the ratio of (P)t tIP. u es a 
Modified beam specimen Nos. MB-U-5, MB-U-8, and MB-U-9 also 
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developed rather conservative factors of safety of 2.01 to 2.41. These 
conservative quantities are attributed to the use of a constant 
buckling coefficient and the large postbuckling strength of both flange 
and web elements. 
b. hit > 150 
Beam specimen Nos. B-U-6, B-U-10, and B-U-ll 
(fc/ft~l.O) and MB-U-10 (fc/ft~1.5) produced factors of safety 
of 2.2 and 6.28. These large factors of safety result from 
the conservative estimation of the postbuckling strength of 
both the flange and the web having large width to thickness 
ratios. It should be noted that this case is not covered by 
the current AISl Specification. 
d. Failure Modes 
The type of failure mode experienced by each test specimen 
is indicated in Table 19. Beam Specimen Nos. B-U-l, B-U-2, B-U-3, 
B-U-7, MB-U-2, and r~B-U-7 were very susceptible to 1 ateral 
buckling as indicated by the observed failure patterns designated 
in the table. This mode of failure resulted from the fact that 
the members in question had extremely low values for the moment 
of inertia about their minor axis, ly' In an effort to prevent 
such behavior from occurring, these specimens were laterally 
braced at five inch interval s over the center thi rd of thei r 
length. Additional oraces along with timber diaphrams were used 
to prevent lateral buckling in the outer-thirds of the member. 
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A study of the actual failure modes observed from tests and 
the current AISI design criteria revealed that for some beam 
members, the AISI design equations prepared for hit ~ 150 do not 
appear to reflect the true structural behavior of some of the members 
particularly for those having hIt ratios larger than 150. For exa~le, 
the designs of beam Nos. ' .. '1-2, 13-U-5, B-U-6, B-U-9, B-U-10, B-U-l1. 
M8-U-2, Mil-U-5, M8 .. U-9, and MB-U-10 according to-the AISI Specification 
were based on a flange failure. However, these beams actually failed by 
web buckling or the cOl11binatiofl of flange-buckling and web buckling. 
The inability, on the part of the design criteria, to depict the 
actual failure mode is due to the different postbuckling behavior 
of flange and web elements. 
e. Bending Stress Distribution in the Webs 
-'Correlat1en between the .. ·measured stress obtained from strain 
gage readings and the computed stress evaluated by classical beam 
theory is shown in Figs. 41 and 42. For the specimens represented 
in Figs. 41 and 42, the stress distribution at midspan is given 
for the following load conditions: 1) prior to web buckling, 
2) observed web buckling load, and 3) failure load. 
The stress distribution was expected to be linear until web 
buckling occurred, at which time the buckled portion of the web was 
expected to develop a nonlinear stress distribution and a down-
ward shift of the neutral axis. This behavior was anti¢ipated, 
because after buckling the compressive area of the web was no 
longer fully effective. However, this is not the behavior 
indicated in Figs. 41 and 42, which show a relatively linear 
stress distribution even at the failure load and very little 
movement of the neutral axis. This behavior may be attributed 
to the fact that failure actually occurred at a location away 
from midspan, and the effective area of the web does not in-
fluence the location of the neutral axis as much as the effective 
area of the flange. 
5. Development of Modified Design Methods 
Based on the test results discussed in the previous section, 
design modifications have been developed in this study. This 
section includes detailed discussions on the full web depth method, 
effective web depth method, and a comparison of the tested and 
computed ultimate bending moments based on the various methods. 
a. Full Web Depth Method 
Based upon the results obtained, the following three 
approaches have been developed for the design of beam webs: 
Method I - Postbuckling Strength Factor 
Method II - Reduction in Moment Resistance 
Method III - Simplified Equation for Reduction in Moment 
Resi stance 
i. Method I - Postbuckling Strength Factor 
The postbuckling strength of beam webs has been studied on 
the basis of the experimental results obtained and has been found 
to vary with respect to four significant parameters. These 
parameters are the depth-to-thickness ratio of the web, the width 
to thickness ratio of the compression flange, the bending stress 
ratio, and the yield point of the material. 
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As discussed in Section III.C.S, the postbuckling strength of 
web elements for beams having stiffened flanges is a function of the 
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same four significant parameters. Because the study for beam members 
having unstiffened flanges covers the same range of values for the 
parameters hIt, fc/ft' and Fy ' it seems reasonable to assume that 
the same a terms (Eqs. 24a, 24b, and 24d) are valid for both cross 
section configurations. However, a modification in the formula for 
a3 appears necessary, because there is a change in flange boundary 
conditions. This revised expression, depicted in Fig. 43, is given by 
a3 = 0.838-0.0l91(w/t)/(w/t)lim (44) 
In the above equation, (w/t)lim = 63.3/1F,;. 
Comparison of the tested and computed postbuckling strength factors 
is depicted by Fig. 44, which indicates correlation of tested and 
computed values to within + 20 percent. It was noted that the post-
buckling strength factor of web elements for beams having stiffened 
flanges was greater than unity for the specimens tested. See Fig. 26. 
However, this was not the case for the web elements of beams having 
unstiffened flanges. This reflects the inadequate edge restraint 
provided to the web by unstiffened flange elements. 
The moment capacities of the beam specimens used in the test 
program were determined by using the postbuck1ing strength factor 
approa~h and are presented in Table 20. The accuracy of this method 
is demonstrated by the ratio of (Mu)test/{Mu)comp list~d in Table 2~, 
which varies from 0.862 to 1.258 and has a mean value of 1.029. The 
standard deviation is 0.0986. Note that beam No. MB-U-2-2, which has 
a ratio of 1.258, is. governed by fla.'1ge yieldi~g and not web blick1i.ng. 
A design approach incorporating the use of ~ is proposed. 
This design approach is given by Fig. 27. 
ii. Method II - Reduction in Moment Resistance 
Based on results of the test program, the following 
equation was developed: 
A = 1.229-0.00218(h/t)/Fy /k ~ 1.0 (45) 
This expression predicts the reduction in the moment resistance 
resulting from large hit ratios. The symbol, A, represents the 
average ratio of (Pu)test/(Py)theo' 
Figure 45 presents a plot of (Pu)test/(Py)theo versus the 
parameter h/tlf.YTK ' from which Eq. 45 was developed. 
By using the concept of a reduction in moment resistance, 
the moment capacities of the beam specimens were evaluated and 
are listed in Table 21. A review of this table indicates that 
the ratios of (Mu)test/(Mu)comp range from 0.854 to 1.264 and have 
a mean value of 1.027. The standard deviation is 0.0962. 
Based on the conclusions of this investigation, Eq. 45 could 
be incorporated into a new design method as outlined in Fig. 29. 
iii. Method III - Simplified Equation for Reduction in 
Moment Resistance 
Figure 46 presents a plot of the (Pu)test/(Py)theo ratio versus 
(h/t)~, from which a simplified expression for the reduction in 
moment resistance resulting from large hit ratios was developed. 
This simplified expression for AI is given by 
AI =1.257 - 0 .000508(h/t)~ :s 1.0 (46) 
By using Eq. 46, the moment capacity and ratio of the tested 
to computed bending moment capacity for each beam specimen were 
calculated and are listed in.Tab1e 22. Values for the ratio of 
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(M) t/(M) range from 0.883 to 1.258. The average value utes u comp . 
is 1.027 with a standard deviation of 0.1073. 
As stated previously, the reduction factor, A', could be 
incorporated in a new design method as outlined by Fig. 29. 
b. Effective Web Depth Method 
63 
A study was also undertaken to investigate the strength of 
beam members subjected to bending stress, for which an assum~d bend-
ing stre~s distributi.onJFig. 35) was used. Information on the 
magnitude of the effective web depth, Ye' was developed from test 
results by using the maximum compressive and tensile stresses at 
the outer fibers obtained from strain gage data along with the 
location of the neutral axis also established from strain gage 
readings. With this information, it was possible to compute 
the corresponding value of Ye by satisfying internal equilibrium. 
Based upon an earlier study for beam members having stiffened 
flanges, the value of Ye was found to be a function of the 
parameters E,k,h,t, and the maximum compressive stress, fl. As was 
the case for .ambers having stiffened flanges, a plot of (Ye/t)~ 
versus (h/t)/flkE was developed as given by Fig. 47. Although the 
scattering of the test resu1 ts is considerabl e, it can be seen that the 
parameter (ye/t)1r.rKE appears to be equal to a constant for all 
values of (h/t)lr.rkE. The scattering is apparently due to the extreme 
sens.it1vity of this method to very minor experimental deviations. 
An application of a least squares fit to the test data of Fig. 47 
produced the following formula for Ye: 
Ye = O.357tJliE/f' Sy* (47) 
.*y a actual compression port1on of the w~b element. 
From strain gage readings, an expression for the maximum 
compressive stress~f' ~ was developed and is given by the following: 
in which· 
f '= ~F Y 
, 
S = the. stress reduction factor 
= Y1Y2 ~ 1.0 
(48) 
(48a) 
Y1 = 0.800* (48b) 
Y2 = 1.024-0.024(w/t)/(~)lim' when (~)/(~)lim > 1.0 
= 1.0 when (wt )/(w/t)l. < 1.0 1m -
(w/t)lim = 63.3/~, according to Section 3.2 of 
the AISI Specification (3). 
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(48c) 
Figures 48 and 49 show the relationship between the stress 
reduction factor and the parameters (h/t);r- and (w/t)/(w/t)l. based y 1m 
upon test data. A comparison of the tested and computed stress 
reduction factor is given in Fig. 50. It can be seen that the 
correlation between the tested and computed stress reduction factor 
is within approximately + 20 percent. 
Equations 47 and 48 were evaluated for the test specimens, 
and the numerical values are listed in Table 23. Also tabulated 
in Table 23 are the tested and computed ultimate bending moments 
along with their ratio of (Mu)test/(Mu)comp' The latter is an 
indication of the accuracy of the effective web depth 
approach to predict the moment capacity of beam members .. Equations 
47 and 48 are used in conjunction with the assumed stress distribution 
(Fig. 35). A study of Table 23 reveals that the ratios of (Mu)test/ 
(M ) vary from 0.952 to 1.116 and have a mean value of 1 .039.: 
u comp 
*Based on regression analysis, Y1 = 0.89. A value of 0.80 is used in 
Eq. ·48b due to the large scatter of test data. 
The standard deviation is 0.0527. 
~ Comparison of the Tested and Computed Ultimate Bending 
Moments Based on Various Methods 
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The tested and computed ultimate bending moments for the beam 
specimens were compared by using five different methods. Four of these 
methods, the AISI method and the three UMR methods discussed herein 
utilize the full web depth (Fig. 36) for computing the ultimate bending 
moment. The fifth method, which is also discussed in this section, emplc 
an effective web depth to compute the ultimate bending moment. 
The ratios of (Mu)test/(Mu)comp for the 21 test" specimens that fai1e( 
by web buckling are given in Table 24 and are analyzed in the following 
discussion. 
i. AISI Method (1968 Edition) 
The computed ultimate bending moment, (Mu)comp' based on 
the current AISI Specification was calculated by using the 
following formula: 
(49) 
The section modulus, Sx' was based on the full area of the 
beam section. The maximum permissible stress, Fb, is the 
smaller of the two values given by Eqs. 50 and 51. The factor 
of safety, F.S., is 1.67; 
(50) 
(51) 
The quantities, Fc and Fbw~ are defined in Sections 3.2 and 
3.4.2 of the AISI Specification (3) respectively. 
A study of Table 24 reveals that for beams having hIt ~ 150, 
the AISI method provides a reasonable correlation between the 
tested and computed ultimate bending moments. However, for test 
specimens with hIt> 150, the AISI method usually underestimates 
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the ultimate moment capacity as indicated by the large values computed 
for the ratio of (Mu)test/(Mu)comp particularly for those having 
large wIt ratios. The low ratios of (Mu)test/(Mu)comp for 
Specimen Nos. B-U-2 and MB-U-2 are possibly due to lateral buckling 
of the beams. 
ii. UMR Methods 
Four UMR methods, which are based upon either the full 
web depth approach or the effective web depth approach, are 
discussed below. 
1. Full Web Depth Approach 
Based upon values of the (M)t t/(M) ratio as u es u comp 
listed in Table 24, all three UMR methods that 
utilize the full web depth approach provide good 
correlation between the tested and computed ultimate 
bending moment. This is indicated by the following 
numerical values for the mean and standard deviation: 
I - Postbuckling Strength Factor 
II - Reduction in MOment Resistance 
111- Simplified Equation for 










2. Effective Web Depth Approach 
By using the UMR effective web depth approach, good 
results were obtained for the ratio of the tested 
and computed ultimate bending capacities. The accuracy 
of this method is demonstrated by a mean value of 
1.039 and a standard deviation of 0.053. 
From the preceding discussion, it can be concluded that 
anyone of the four UMR methods can be used as a general approach 
for computing the ultimate moment capacity of beam webs having 
an hit ratio of 200 or less. 
D. Summary and Design Recommendations 
1 • Sunm. ry 
A total of 34 beam specimens having unstiffened flanges 
were tested. Based upon the results of these-tests, the fol10w-
ing conclusions can be drawn: 
a. The theoretical equation for-the buckling stress of 
beam webs subjected to bending does not provide good 
correlation with the observed buckling load obtained 
from test results. This is due to the insufficient 
edge support contributed by the unstiffened flange. For 
members having wit > 63.3/~, early flange buckling 
caused premature web buckling. Conversely, for members 
with wit ~ 63.3/1t,;, the flange was so small that it 
did not even meet the AISI requirements as an edge 
stiffener. 
b. eyusing the strain reversal c~ncept. approximate values 
were obtained for the buckling load of the compression 
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flange. This may be due to insensitivity of the strain 
gages to recognize the formation of the buckle wave. 
c. The postbuckling strength of the web element is 
available for most of the cases, and its magnitude was 
found to vary according to Fy and the ratios of hIt, 
fclft' and wIt. A formula for calculating the postbuckling 
strength factor is derived and discussed in Section IV.C.5. 
d. For beam specimens having hIt ~ 100, fclft ~ 1.0, 
and wIt ~ 63. 31 IF,; , the current AISI Specification 
provides adequate factors of safety. However, for 
these same members having hIt ~ 150, inadequate 
factors of safety were developed possibly due to 
lateral buckling. Beam specimens having wIt > 63.3/~ y 
developed very conservative factors of safety. This 
was true regardless of the hIt ratio and the fclft 
ratio. 
e. Four methods for computing the ultimate moment capacity 
are developed in Section IV.C.5. Three of these 
methods use a full web depth, while the fourth employs 
the concept of an effective web depth. 
f. The accuracy of the four UMR methods for evaluating 
the ultimate moment capacity was compared with the 
current AISI method for calculating the ultimate 
moment capacity. The UMR methods provide a satis-
factory prediction for the ultimate moment capacity 
for all of the beam specimens. 
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9. New design procedures were developed for tJft- ratios up to 200. 
2. Design Reconmendations 
The following design recommendations are proposed for con-
sideration. It is realized that the use of an effective width 
for unstiffened compression flanges is presently under consideration 
by the Institute 1 s Advisory Group on Specification. Therefore, 
the recommendations for the bending capacity of web elements 
are based upon the assumption that the use of an effective width 
equation for unstiffened flanges will be adopted by the AISI 
Specification in the future. 
a. Full Web Depth Approach 
i. Method I - Postbuckling Strength Factor 
For beams having unstiffened compression flanges, the 
compressive stress in a flat web that results from 
bending in its plane,* shall not exceed F or 4>F bw : 
where F = l6000k 
bw (h/t)2 
al = O.017(h/t)-O.790 
a2 = O.462Ifc/ f t l+o.538 
a3 = O.838-0.0191(w/t)/(w/t)lim 
a4 = O.561(FY/33)+O.lO 
k = 4+2(l+B)3+2(l+B) 
8 = If t /f c I 
(52) 
(53) 
*the compressive stress in the web is computed from the section 
.adulus based on the effective flange width given by the following formula (22); . . . 
. b = a.8tlEffmax (l-O.202(t/w)JE7fmax ] (54) 
where f.ax equals 1.67 Fbw or 1.67 F , ~ichever is smaller. 
69 
(w/t)lim = 63.3/~ 
Fy = yield point of steel, ksi 
f t = maximum tensile bending stress in web, ksi 
fc = maximum, compressive bending stress in web, ksi 
h = clear distance between flanges measured along 
the plane of web, in. 
t = thickness of flange or web, in. 
w = flat width of compression flange, in. 
In addition, the tensile stress in a web that results from 
bending in its plane shall not exceed the basic design 
stress, F, for beams having a neutral axis closer to the 
compression flange. A flow chart indicating the use of 
this method is given in Fig. 27. Appendix A contains a 
design example using this method. 
ii. Method II - Reduction in Moment Resistance 
For beams having unstiffened compression flanges, the 
compressive stress in a flat web that results from bending 
in its plane* shall not exceed AF: 
in which A = 1.229-0.002l8(h/t)~ < 1.0 y -
Fy' hand t were previously defined. 
(55) 
'The compressive stress in the web is computed from the section 
modulus based on the effective compression flange area of the beam 
section on the basis of the basic design stress. 
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Figure 29 is a ,flow chart showing the correct use of 
Eq. 55. Appendix A contains a design example using this 
method. 
iii. Method III - Simplified Equation for the Reduction in 
Moment Resistance 
For beams having unstiffened compression flanges, the 
compressive stress in a flat web that results from bending 
in its plane* shall not exceed AtF: 
in which At = 1.257-0.000508(h/t)~ < 1.0 (56) 
Fy' h, and t were previously defined. 
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Figure 29 is a flow chart depicting the use of Eq. 56. 
A sample design problem using this method is contained in 
Appendix A. 
b. Effective Web Depth Approach 
For beams having unstiffened compression flanges, the effective 
design depth for the compression portion of the web element under 
bending shall be determined by the following formula: 
in which 
Ye = 47.50t~ < y** (57) 
Ye = effective design depth for the compression 
portion of a web element, in. 
fll = atF 
at = stress reduction factor = Y1Y2 ~ 1.0 
Yl = 0.80 
ifhe compressive stress in the web is,comput~cI from th~ section 
modulus based on the effectivec~re.ss1on· flange area of ,the beam 
sect i on on the bas is of the bas i c des i gn s tres,s • 
** y = actual compression portion of til\:.: web element. 
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Y2 = 1.024-0.024(w/t)/(w/t)lim' when (w/t)/(w/t)lim>l.O 
= 1.0, when (w/t)/(w/t)li~l.O 
(w/t)lim = 63.3/IFy' according to Section 3.2 of the 
AISI Specification 
F = basic design stress for web, ksi 
wand t were previously defined. 
A sample design problem using the effective web depth method 
is given in Appendix A. 

v. CONCLUSIONS 
The objective of this investigation was to study the 
structural behavior of cold-formed steel beam webs subjected 
to a pure bending stress and to develop additional design 
criteria as necessary. 
Summary and design recommendations are presented for 
cold-formed steel beams having stiffened and unstiffened flanges. 
A. Beam Members Ha'ving Sti ffened Fl anges 
The theoretical equation for buckling of web elements 
subjected to bending provides a good indication of the actual 
buckling load if the buckling coefficient is calculated accord-
ing to the actual bending stress ratio. For beam members 
having wit > {w/t)lim' early flange buckling may cause premature 
buckling of the web element. 
The postbuckling strength of web elements under bending 
was found to be a function of the depth/thickness ratio of 
the web, the bending stress ratio of the web, the flat width/ 
thickness ratio of the compression flange, and the yield point 
of the steel. An equation for calculating the postbuckling 
strength factor has been presented herein. 
Results of 68 beam tests indicate that for some cases, the 
current AISI Specification may not provide an appropriate factor of 
safety. Therefore, four new design methods were developed from 
this study for hit ratios up to 250. Sample design calculations 
uSing each of the four methods are presented in ,'Appendix A. 
B. Beam Members Having Unstiffened Flanges 
The theoretical buckling load for web elements subjected 
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to bending overestimates the actual web buckling load obtained 
from the tests. This is due to la.ck of edge support provided by 
the unstiffened flanges. 
The postbuckling strength of web elements subjected to bending 
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was found to vary according to the hIt, fc/ft and wIt ratios of the web 
and the yield point of the steel. A formula for evaluating the 
postbuckling strength factor has been developed and presented herein. 
Results of 34 tests reveal that for some cases, the current 
AISI Specification may not provide an appropriate factor of 
safety, therefore four new design methods were developed for 
hIt ratios up to 200. Sample design calculations using each of 
the four methods are presented in Appendix A. 
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TABLE 1 
Buckling Coefficient k for Simply Supported Plates Sub-
jected to Nonuniform Longitudinal Compressive Stresses (8) 
Type of a = a/h 
Stress 0.4 0.5 0.6 0.667 0.75 0.8 1.0 1.5 Distribution 
°1 ~ =-1 29.1 25.6 24. 1 23.9 24.1 24.4 25.6 24. 1 
at. 
0t;t 
-= Of °1 _1 
- --2 
°2 23.6 17.7 15.7 16.4 16.9 15.7 
°2 Of :1 =-3 18.7 12.9 11.5 11 .2 11. 0 11.5 
° .2 2 
01~ ~ =00 
°2 15. 1 9.7 8.4 8. 1 7.8 8.4 
°2 
01 - Compressive bending stress 




No. Thick. B1 
8-1-1 0.0500 2.020 
8-1-2 0.0495 2.013 
8-2-1 0.0500 1.990 
8 ... 2-2 0.0495 1.972 
8-3-1 0.0497 1.970 
8~3-2 0.0490 2.020 
8-10-1 0.0509 1.485 
8-10-2 0.0485 1.480 
8-11-1 0.0500 1.479 
8-11-2 0.0502 1.495 
8-12-1 0.0502 1.490 
8-12-2 0.0520 1.475 
8-13-1 0.0490 1.770 
8-13-2 0.0510 1.762 
8-14-1 0.0490 2.556 
8-14-2 0.0568 2.536 
8-15-1 0.0495 3.124 
8-15-2 0.0490 3.150 
8-16-1 0.0510 2.518 
8-16-2 0.0515 2.508 
8-17-1 0.0505 3.035 
8-17-2 0.0505 3.302 
8-18-1 0.0510 3.513 
8-18-2 0.0511 3.510 
TA8LE 2 
DIMENSIONS OF 8ENDING TEST SPECIMENS 
HAVING STIFFENED FLANGES 
Cross-Section Dimensions (inches) 
B2 83 B4 d1 d2 D1 D2 
2.000 2.004 2.025 0.605 0.607 4.920 4.900 
2.005 2.000 2.012 0.607 0.605 4.960 4.940 
1.975 1.977 1.987 0.606 0.605 6.200 6.200 
1.985 1.963 1.978 0.598 0.624 6.240 6.240 
2.005 2.009 2.005 0.611 0.607 7.340 7.340 
2.005 2.004 2.014 0.613 0.611 7.320 7.360 
1.475 1.490 1.490 0.560 0.602 4.040 4.000 
1.503 1.478 1.495 0.595 0.595 4.020 4.020 
1.502 1.500 1.485 0.607 0.590 5.960 5.960 
1.511 1.505 1.505 0.605 0.603 5.940 5.900 
1.503 1.493 1. 512 0.608 0.603 7.360 7.440 
1.490 1.501 1.505 0.603 0.597 7.400 7.380 
1.795 1.788 1.789 0.607 0.604 4.016 4.015 
1.789 1.792 1.770 0.580 0.609 4.050 4.050 
2.549 2.545 2.555 0.606 0.607 5.930 5.920 
2.540 2.535 2.563 0.605 0.614 5.920 5.920 
3.140 3. 162 3.139 0.614 0.600 7.400 7.300 
3. 141 3.156 3.135 0.604 0.600 7.400 7.400 
2.516 2.518 2.525 0.597 0.611 3.965 3.985 
2.504 2.514 2.516 0.591 0.601 3.957 3.977 
3.049 3.044 3.000 0.547 0.553 5.900 5.900 
3.045 3.041 3.039 0.587 0.591 5.860 5.940 
3.512 3.530 3.510 0.606 0.606 7.280 7.360 
3.506 3.511 3.512 0.609 0.573 7.300 7.260 
- ---~--------... - -
--
BB BP tp 
















































































TABLE 2 (continued) 
Beam Cross-Section Dimensions (inches) 
Specimen 
B4 No. Thick. Bl B2 B3 dl d2 
B-3-3 0.0460 1.962 1.913 1.928 1.958 0.653 0.618 
B.:-3-4 0.0460 1.931 1.929 1.944 1.930 0.645 0.566 
8-9-1 0.0460 3.475 3.480 3.431 3.448 0.643 0.695 
B-9-2 0.0460 3.478 3.474 3.480 3.461 0.676 0.653 
MS-l0-l 0.0496 1.490 1.465 1.480 1.491 0.599 0.602 
MB-l0-2 0.0508 1.477 1.488 1.495 1.495 0.587 0.614 
MB-l1-1 0.0505 1.504 1.476 1.502 1.506 0.598 0.638 
MB-1l-2 0.0495 1.485 1.511 1.499 1.505 0.606 0.609 
MB-12-1 0.0515 1.504 1.503 1.505 1.473 0.601 0.605 
MB-12-2 0.0510 1.492 1.508 1.508 1.510 0.606 0.612 
MB-16-1 0.0510 2.505 2.505 2.511 2.525 0.598 0.609 
MB-16-2 0.0510 2.521 2.522 2.518 2.514 0.612 0.614 
MB-17-1 0.0510 3.045 3.029 3.030 3.049 0.607 0.597 
MB-17-2 0.0510 3.042 3.070 3.040 3.043 0.605 0.612 
MB-18-1 0.0508 3.512 3.511 3.497 3.515 0.597 0.605 
MB-18-2 0.0515 3.525 3.522 3.496 3.518 0.601 0.605 
MB-3-1 0.0460 1. 910 1.954 1.965 1.909 0.673 0.591 
MB-3-2 0.0460 1. 919 1.936 1.975 1.956 0.620 0.631 
MB-9-1 0.0465 3.441 3.470 3.479 3.450 0.586 0.594 
MB-9-2 0.0460 3.476 3.485 3.476 3.475 0.625 0.665 
B-Cl-1 0.0490 1.494 1.464 1.463 1.480 0.635 0.672 
B-Cl-2 0.0465 1.492 1.457 1.455 1.478 0.647 0.652 
B-C2-1 0.0466 1.504 1.481 1.472 1.471 0.656 0.658 
B-C2-2 0.0460 1.487 1.456 1.489 1.488 0.639 0.628 
MB-C1-1 0.0479 1.477 1.474 1.488 1.503 0.645 0.632 
MB-Cl-2 0.0489 1.480 1.521 1.469 1.501 0.646 0.624 
MB-C2-1 0.0465 1.457 1.447 1.459 1.455 0.662 0.643 
MB-C2-2 0.0491 1.477 1.466 1.490 1.472 0.652 0.627 
Dl D2 BB 
6.861 6.760 9 
6.890 6.873 9 
7.088 7.092 9 
7.055 7.012 9 
4.030 4.040 6 
4.210 4.290 6 
5.960 5.940 6 
5.950 5.930 6 
7.320 7.340 6 
7.320 7.280 6 
3.975 3.960 9 
3.950 3.938 9 
5.880 5.880 9 
5.880 5.880 9 
7.360 7.340 9 
7.360 7.380 9 
6.848 6.846 9 
6.895 6.850 9 
6.780 6.793 9 
6.760 6.758 9 
9.828 9.833 9 
9.769 9.789 9 
12.390 12.450 9 
12.390 12.400 9 
9.753 9.768 9 
9.831 9.789 9 
12.380 12.380 9 
































(i n. ) (; n . ) 
90.00 30.00 
90.00 30.00 




81. 00 27.00 
81.00 27.00 




93.00 31. 00 
93.00 31.00 
117.00 39. 00 







1 36.00 43. 13 
1 36 . 00 43. 1 3 
136.00 48.00 
136.00 48.00 
1 36 . 00 4 3. 1 3 
136.00 43. 13 co o 
TABLE 2 (continued) 
Beam Cross-Section Dimensions (inches) Span 
Specimen 
tp Length a No. Thick. B1 B2 B3 Dl 02 BPL (i n. ) (in.) 
H-1-1 0.0480 7.464 1. 192 1.253 7.434 7.429 - - 90.00 30.00 
H-1-2 0.0490 7.444 1.248 1.200 7.501 7.461 
- -
90.00 30.00 
H-2 .. 1 0.0488 15. 120 1.235 1.343 7.435 7.393 - - 90.00 30.00 
H-2-2 0.0478 15. 160 1.223 1.265 7.489 7.454 
- -
90.00 30.00 
H-3-1 0.0498 7.461 3.055 3.076 7.500 7.456 - - 90.00 30.00 
H-3-2 0.0491 7.480 2.997 3.054 7.486 7.459 - - 90.00 30.00 
H-4-1 0.0488 15.270 3.173 3.091 7.459 7.490 - - 90.00 30.00 
H-4-2 0.0482 15.130 3. 184 3.133 7.473 7.455 - - 90.00 30.00 
H-5-1 0.0498 9.775 1.373 1.474 9.725 9.810 - - 136.00 48.00 
H-5-2 0.0480 9.808 1.424 1.396 9.836 9.685 
- -
136.00 48.00 
H-6-1 0.0505 12.450 1.785 1.812 12.390 12.460 
- -
136.00 43.13 
H-6-2 0.0490 12.420 1.800 1.781 12.410 12.500 - - 136.00 43.13 
H-7-1 0.0484 9.796 3.393 3.339 9.833 9.653 6.089 0.0488 136.00 48.00 
H-7-2 0.0492 9.780 3.284 3.422 9.723 9.781 6.089 0.0488 136.00 48.00 
H-8-1 0.0490 12.500 4.588 4.744 12.500 12.390 6.089 0.0488 136.00 43.13 





Notes: 1. See Figs. 6 through 9 for the symbols used for dimensions. 
2. Inside bend radius was assumed to be equal to the thickness. 
3. See Fig. 13 for definition of a. 
4. Beam specimens are designated as follows: 
B 3 1 
Beam Section Channel No. Test No. 
MS 3 1 
Modified Beam Channel No. Test No. 
Section 0') 
..... 
H 1 1 
Hat Section Specimen No. Test No. 
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TABLE 3 
PERTINENT PARAMETERS OF BENDING TEST 
SPECIMENS HAVING STIFFENED FLANGES 
Beam (w/t)lim Fy f/ft 
£.* 
Specimen hit wit (i n. ) 
No. (ksi) 
B-1-1 96.20 36.04 32.16 47. 12 1.02 8.36 
B-1-2 98.00 36.67 32.16 47.12 1.03 8.36 
B-2-1 122.00 35.80 32.16 47.12 1. 02 8.96 
B-2-2 124.06 36.10 32. 16 47.12 1.02 8.96 
B-3-1 145.67 36.34 32.16 47.12 1.02 12.67 
B-3-2 147.80 37.22 32. 16 47.12 1. 02 12.67 
B-10-1 76.98 25.17 30.10 53.79 1.01 8.42 
B-10-2 80.89 26.99 30.10 53.79 1.00 8.42 
B-11-1 117.20 26.04 30.10 53.79 1.00 8.42 
B-11-2 115.93 26.10 30.10 53.79 1.00 8.42 
B-12-1 145.41 25.94 30.10 53.79 1.00 11.28 
B-12-2 140.11 24.65 30.10 53.79 1.00 11.28 
B-13-1 79.95 32.37 30.10 53.79 1.01 8.33 
B-13-2 77.41 30.81 30.10 53.79 1. 01 8.33 
B-14-1 118.92 48.09 30.10 53.79 1.00 10.17 
B-14-2 114.54 45.96 30.10 53.79 1.00 10.17 
B-15-1 146.48 59.27 30.10 53.79 1.00 13.00 
B-15-2 149.02 60.19 30.10 53.79 1.00 13.00 
B-16-1 75.94 45.35 30.10 53.79 1.00 10.00 
B-16-2 75.03 44.66 30.10 53.79 1.00 10.00 
B-17-1 114.83 56.24 30.10 53.79 1.00 11.89 
B-17-2 114.83 56.17 30.10 53.79 1.00 11.89 
B-18-1 141.53 64.77 30.10 53.79 1.00 13.00 
B-18-2 140.47 64.65 30.10 53.79 1.00 13.00 
B-3- 3 146.05 38.12 38.16 33.46 1.00 10.00 
B-3-4 147.60 37.96 38.16 33.46 0.99 10.00 
B-9-1 152.00 71.54 38.16 33.46 1. 14 11.67 
B-9-2 150.00 71.52 38.16 33.46 1. 13 11.67 
MB-10-1 81.35 25.79 30.10 53.79 1. 54 8.44 
MB-10-2 83.66 25.18 30.10 53.79 1.52 8.44 
MB-11-1 117.82 25.50 30.10 53.79 1. 55 9.00 
MB-11-2 120.00 26.26 30.10 53.79 1. 54 9.00 
MB-12-1 142.33 25.19 30.10 53.79 1. 55 13.00 
MB-12~2 143.14 25.41 30.10 53.79 1.58 13.00 
MB-16-1 77.79 45.12 30.10 53.79 1. 52 8.44 
MB-16-2 77.33 45.44 30.10 53.79 1. 51 8.44 
MB-17-1 115.29 55.55 30.10 53.79 1.40 10.33 
*~ equals the unsupported length in the middle third of 
the test specimen. 
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TABLE 3 (continued) 
Beam R.,* Specimen (wit), im Fy f/ft (i n. ) No. hit wit (ksi) 
MB-17-2 115.29 55.92 30.10 53.79 1.40 10.33 
MB-18-1 144.67 65.12 30.10 53.79 1.32 13.00 
MB-18-2 142.72 64.42 30.10 53.79 1. 31 13.00 
MB-3-1 146.83 37.52 38.16 33.46 1.67 11.33 
MB-3-2 146.91 37.72 38. 16 33.46 1.67 11.33 
MB-9-1 143.81 70.00 38.16 33.46 1.48 13.00 
MB-9-2 144.91 71.57 38.16 33.46 1. 52 13.00 
B-Cl-l 209.46 26.49 33.35 43.82 1.00 16.00 
B-Cl-2 208.52 28.09 33.35 43.82 1.00 16.00 
B-C2-1 265.17 28.27 33.35 43.82 1.00 14.38 
B-C2-2 267.57 28.33 33.35 43.82 1.00 14.38 
MB-Cl-1 201 .92 26.84 33.35 43.82 1.46 1,6.00 
MB-Cl-2 198.61 27.10 33.35 43.82 1.44 16.00 
MB-C2-1 264.24 27.33 33.35 43.82 1. 52 14.38 
MB-C2-2 250.75 26.08 33.35 43.82 1.49 14.38 
H-1-1 152.88 151.50 33.35 43.82 0.95 10.00 
H-1-2 151. 08 147.92 33.35 43.82 0.94 10.00 
H-2-1 150.36 305.84 33.35 43.82 0.94 10.00 
H-2-2 154.67 313. 15 33.35 43.82 0.93 10.00 
H-3-1 148.60 145.82 33.35 43.82 1.24 10.00 
H-3-2 150.46 148.34 33.35 43.82 1.23 10.00 
H-4-1 151.48 308.91 33.35 43.82 1.23 10.00 
H-4-2 153.04 309.90 33.35 43.82 1.23 10.00 
H-5-1 194.99 192.29 33.35 43.82 0.92 16.00 
H-5-2 202.92 200.33 33.35 43.82 0.92 16.00 
H-6-1 244.73 242.53 33.35 43.82 0.92 14.38 
H-6-2 253.10 249.47 33.35 43.82 0.93 14.38 
H-7-1 201. 16 198.40 33.35 43.82 1.59 16.00 
H-7-2 198.80 194.78 33.35 43.82 1.58 16.00 
H-8-' 253.10 251. 1 0 33.35 43.82 1.53 14.38 
H-8-2 262.47 259.83 33.35 43.82 1. 56 14.38 
*R., equals the unsupported length in the middle third of 
the test specimen. 
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TABLE 4 
MECHANICAL PROPERTIES OF TEST SPECIMENS 
Fy Fu Elongation 
(ksi) (ksi) percent* Comnents 
53.79 73.08 29 Sharp Yielding 
47.12 62.61 35 Sharp Yielding 
43.82 55.73 29 Sharp Yielding 
36.26 51.34 30 Sharp Yielding 
33.46 49.94 28 Gradual Yielding 
41 .. 18· 53.97 . 32 Gradual Yielding 
) I I 2 1 , ,".,",."" 






















































EXPERIMENTAL DATA FOR 8EAM SPECIMENS 
HAVING STIFFENED FLANGES 








































































































TABLE 5 (continued) 
Beam w . f (P ) (P ) (Mu) (P cr) (P cr) Measured Specimen test test Y test u test test f/ft No. ( ki ps) ( ki ps) (ki ps) (ki ps) (in-kip~) 
MB-10-l 5.00 5. 19 65.73 
MB-10-2 4.66 5.06 64.08 
MB-ll-l 4.30 7.32 98.82 1.40 
MB-11-2 3.70 7.80 105.30 1.42 
MB-12-1 2.30 6.30 122.85 1.62 
MB-12-2 2.60 6.28 122.46 1.59 
MB-16-1 4.60 4.95 4.95 62.69 
MB-16-2 4.50 5.30 5.30 67.12 
MB-17-1 4.70 5.90 6.91 107.11 1.34 
MB-17-2 4.80 5.40 6.38 98.89 1.34 
MB-18-1 3.40 4.60 6.58 128.31 1.36 
MB-18-2 3.62 3.90 5.99 116.81 1.38 
MB-3-1 2.70 4.10 69.70 1. 57 
MB-3-2 2.50 4.10 69.70 1.44 
MB-9-1 2.70 2.30 3.83 74.69 1.53 
MB-9-2 2.80 2.70 3.89 75.86 1.47 
B-Cl-l 0.80 4.70 112.80 1.01 
B-Cl-2 2.10 4.75 114.00 0.98 
B-C2-1 1. 10 5.90 127.22 1.12 
B-C2-2 1.40 6.35 136.92 1.09 
MB-Cl-1 1.10 5.00 5.10 122.40 1.53 
MB-Cl-2 l. 10 4.90 5.27 126.48 1.47 
MB-C2-1 1. 1 0 6.53 6.60 142.31 1.54 
MB-C2-2 l. 60 6.65 143.39 1.66 
H-1-1 l. 40 1. 01 4.60 4.75 71.25 1.00 
H-1-2 1.40 1.10 4.30 4.81 72.15 0.75 
H-2-1 1. 10 0.50 4.40 4.78 71.70 0.74 
H-2-2 0.90 0.50 4.21 4.70 70.50 0.63 
H-3-1 1.60 1.41 4.94 5.03 75.45 1.03 
H-3-2 1. 50 1. 21 4.80 5.20 78.00 0.97 
H-4-1 1. 00 0.70 4.60 4.99 74.85 0.98 
H-4-2 1. 10 0.80 4.70 5.18 77 .70 0.95 
H-5-1 1.40 0.81 4.03 96.72 0.78 co 
H-5-2 1. 00 0.50 3.85 92.40 0.70 0\ 
H-6-1 1. 10 0.60 5.73 123.55 0.58 








TABLE 5 (continued) 
w f (Pcr)test (Per) (Py ) (Pu) (Mu) test test test test 


























COMPARISONS OF EXPERIMENTAL AND THEORETICAL DATA 
FOR BEAM SPECIMENS HAVING STIFFENED FLANGES 
W f (P ) (Per)w f (P ) (Pu) ·8eam (Per) (Per) (Per) Specimen thea thea Y thea test test Y test test 
Na. ( ki ps) (ki ps) (kips) (P ) W f (P ) (P )w (Per) Y thea er thea thea er thea 
8-1.,.1 5.51 0.924 
8-1-2 5.52 0.946 
8-2-1 6.16 7.04 1.026 0.950 1.156 
8-2-2 6.07 7.02 1.051 1.000 1. 157 
8-3-1 3.76 6.92 1.604 
8-3-2 3.70 6.82 0.978 0.874 1.678 
8-10-1 4.12 0.978 
8-10-2 3.97 1.005 
8-11-1 5.80 7.04 0.952 0.964 1.228 
8-11-2 5.79 7.05 0.953 1.178 
8-12-1 3.80 7.36 0.979 1.755 
8-12-2 3.90 7.42 0.954 0.844 1.664 
8-13-1 4.48 0.908 
8-13-2 4.72 0.930 
8-14-1 5.39 5.99 6.82 0.903 0.935 1.224 
8-14-2 6.00 6.76 7.12 1.020 0.888 1.100 
8-15-1 4.24 4.70 7.60 0.901 0.936 1.486 
8-15-2 4.09 3.82 7.56 0.984 0.916 1.631 
8-16-1 4.13 4.28 0.969 0.974 
8-16-2 4.30 4.32 0.953 0.907 
8-17-1 4.76 4.22 6.20 0.668 0.877 1.128 
8-17-2 4.94 4.26 6.26 0.768 0.915 1.111 
8-18-1 4.55 4.31 8.02 0.750 0.905 1.440 
8-18-2 4.59 4.30 7.98 0.788 0.907 1.205 
8-3- 3 3.80 4.77 1.114 0.849 1.208 
8-3- 4 3.78 4.79 1.000 0.850 1.217 ~ 8-9-1 4.07 3.42 5.05 0.841 0.877 0.995 
8-9-2 4.08 3.37 4.99 0.902 0.950 1.054 
M8-10-1 4.54 1.101 
TABLE 6 (continued) 
W f (p ) W (P )f (P ) (P) . Beam (Per) (Per) (P cr) 
Specimen theo theo Ytheo test cr test Y test utest 
No. (ki ps) ( ki ps) (ki ps) (Pcr)W (p )f (P ) (P ) w 
theo cr theo Y theo cr theo 
MB-10-2 4.86 0.959 
MB-ll-1 4.71 7.46 0.892 1.687 
MB-1l-2 4.47 7.42 0.805 1.884 
MB-12-1 2.80 7.30 0.758 2.188 
MB-12-2 2.91 7.22 0.825 2.227 
MB-16-1 5.24 5.38 0.871 0.920 
MB-16-2 5.14 5.36 0.869 0.989 
MB-17-1 5.52 5.33 7.68 0.833 1.090 1.363 
MB-17-2 5.57 5.28 7.70 0.894 1.023 1.253 
MB-18-1 4.14 4.48 8.32 0.773 1.027 1.736 
MB-18-2 4.38 4.46 8.62 0.776 0.837 1. 516 
MB-3-1 2.81 4.85 0.964 1.459 
MB-3-2 2.86 4.86 0.804 1.434 
MB-9-1 3. 11 3.25 4.60 0.868 0.708 1.232 
MB-9-2 3.04 3.10 4.45 0.915 0.871 1.280 
B-Cl-l 1. 93 5.81 0.415 2.435 
B-Cl-2 2.06 6.16 1.019 2.306 
B-C2-1 1. 94 9.37 0.567 3.041 
B-C2-2 1. 86 9.16 0.753 3.414 
MB-C1-1 1. 61 6.87 0.683 0.728 3.168 
MB-Cl-2 1.72 7.09 0.640 0.691 3.064 
MB-C2-1 1. 49 10.92 0.738 0.598 4.430 
MB-C2-2 1. 76 11.58 0.909 3.778 
H-1-1 3.56 0.80 4.89 0.393 1.263 0.941 1.334 
H-1-2 3.69 0.86 5.08 0.379 1.279 0.846 1.304 
H-2-1 3.82 0.32 5.06 0.288 1.563 0.870 1 .251 
H-2-2 3.60 0.30 4.98 0.250 1.667 0.845 1.306 
H-3-1 3.61 1. 02 5.93 0.443 1.382 0.833 1.393 
H-3-2 3.46 0.97 5.78 0.434 1. 247 0.830 1. S03 
H-4-1 3.50 0.36 5.84 0.286 1.944 0.788 1.426 
H-4-2 3.39 0.35 5.76 0.324 2.286 0.816 1.528 i H-S-1 2.52 0.55 5.04 0.614 1.473 1. S99 
H-S-2 2.24 0.49 4.80 0.493 1.020 1.719 
H-6-1 2.92 0.64 8.67 0.415 0.938 1~962 
TABLE 6 (continued) 
W f (P ) (Pcr}w (P ) f Beam (P cr) (Pcr ) Specimen theo theo Ytheo test cr test 
No. ( ki ps) ( ki ps) (kips) W f (Per) (P cr) 
theo theo 
H-6-2 2.60 0.59 8.41 0.504 1.356 
H-7-1 1.79 0.61 6.05 0.447 0.984 
H-7-2 1. 90 0.64 6. 18 0.474 0.938 
H-8-1 2.06 0.70 10.42 0.680 1 .143 
H-8-2 1.84 0.62 9.90 0.707 1.306 
Notes: 1. (Pcr)w - critical load for web buckling 
(Pcr}f - critical load for flange buckling 
2. In the computation of (Pcr)W , the stress and section modulus 
theo 
were based on the critical buckling stress of web element. In 
the computation of (Pcr):heo ' the stress and section modulus 
were based on the critica1 buckling stress of flange element. 
(P ) (Pu) Ytest test 
















































INFLUENCE OF SIGNIFICANT PARAMETERS ON THE POSTBUCKLING 
STRENGTH OF BEAM SPECIMENS HAVING STIFFENED FLANGES 
Fy 
f/ft hit wit {ksi} 
117.20 26.04 53.79 1.00 
115.93 26.10 53.79 1.00 
117.82 26.50 53.79 1.55 
120.00 26.26 53.79 1.54 
122.00 35.80 47.12 1.02 
124.06 36.10 47.12 1.02 
118.92 48.09 53.79 1.00 
114.54 45.96 53.79 1.00 
114.83 56.24 53.79 1. 00 
114.83 56.17 53.79 1.00 
115.29 55.55 53.79 1.40 
115.29 55.92 53.79 1.40 
146.05 38.12 33.46 1.00 
147.60 37.96 33.46 0.99 
146.83 37.52 33.46 1.67 
146.91 37.72 33.46 1. 67 
145.41 25.94 53.79 1.00 
140. 11 24.65 53.79 1.00 
142.33 25.19 53.79 1. 55 
143.14 25.41 53.79 1.58 
145.67 36.34 47.12 1. 02 
147.80 37.22 47.12 1. 02 
146.48 59.27 53.79 1.00 
149.02 60.19 53.79 1.00 
152.00 71.54 33.46 1.14 
150.00 71.52 33.46 1. 13 
143.81 70.00 33.46 1.48 
144.91 71. 57 33.46 1. 52 
141.53 64.77 53.79 1.00 
140.47 64.65 53.79 1.00 
144.67 65.12 53.79 1.32 
142.72 64.42 53.79 1. 31 
152.88 151.50 43.82 0.95 
151.08 147.92 43.82 0.94 
148.60 145.82 43.82 1.24 
150.46 148.34 43.82 1.23 













































TABLE 7 (continued) 
(Pu) test 
Beam Fy (p ) w Specimen f/ft 
cr 
No. hit wit (ksi) theo 
H-2-2 154.67 313. 15 43.82 0.93 1.306 
H-4-1 151.48 308.91 43.82 1. 23 1.426 
H-4-2 153.04 309.90 43.82 1.23 1.528 
B-C1-1 209.46 26.49 43.82 1.00 2.435 
B-Cl-2 208.52 28.09 43.82 1.00 2.306 
MB-C1-1 201 .92 26.84 43.82 1.46 3.168 
MB-Cl-2 198.61 27.10 43.82 1.44 3.064 
H-5-1 194.99 192.29 43.82 0.92 1.599 
H-5-2 202.92 200.33 43.82 0.92 1.719 
H-7-1 201. 16 198.40 43.82 1.59 2.402 
H-7-2 198.80 194.78 43.82 1.58 2.211 
B-C2-1 265.17 28.27 43.82 1.00 3.041 
B-C2-2 267.57 28.33 43.82 1. 00 3.414 
MB-C2-1 264.24 27.33 43.82 1. 52 4.430 
MB-C2-2 250.75 26.08 43.82 1.49 3.778 
H-6-1 244.73 252.53 43.82 0.92 1.962 
H-6-2 253.10 249.47 43.82 0.93 2. 192 
H-8-1 253.10 251. 10 43.82 1.53 3.044 
































FAILURE MODES AND FACTORS OF SAFETY AGAINST DESIGN LOADS FOR BENDING OF 
BEAM SPECIMENS HAVING STIFFENED FLANGES 
Fb =0.6F Y F - 520,000 
S~Fb--~------- -~ Factor of 
bw- (h/t)2 Pa= 2(--a--) (Pu)test Safety (p ) IP (ksi) (ksi) (kips) (kips) u test a Failure Mode 
28.27 56.19 3.31 5.82 1. 76 FY 
28.27 54.14 3.31 5.88 1. 78 FY 
28.27 34.94 4.23 7.12 1.68 WB followed by FY 
28.27 33.79 4.21 7.02 1.67 WB followed by FY 
28.27 24.51 3.25 6.03 1.86 WB 
28.27 23.80 3.12 6.21 1.99 WB 
32.27 87.75 2.48 4.39 1.77 FY 
32.27 79.47 2.40 4.31 1.80 FY 
32.27 37.86 3.82 7.12 1.86 WB followed by FY 
32.27 38.69 3.82 6.82 1. 79 WB 
32.27 24.59 3.31 6.67 2.02 WB 
32.27 26.49 3.65 6.49 1.78 WB 
32.27 81.35 2.68 4.60 1. 71 FY 
32.27 86.78 2.84 4.90 1. 73 FY 
32.27 36.77 4.08 6.60 1.62 FB & WB started at same time 
32.27 39.64 4.27 6.60 1.54 FB followed by WB 
32.27 24.24 3.58 6.30 1. 76 WB followed by FB 
32.27 23.42 3.46 6.67 1.93 FB followed by WB 
32.27 90.17 2.56 4.40 1. 72 FB followed by FY 
32.27 92.37 2.58 4.20 1.63 FY 
32.27 39.44 3.73 5.37 1.44 FB followed by WB 
32.27 39.44 3.75 5.49 1.46 FB followed by WB 
32.27 25.96 4.02 6.55 1.63 FB followed by WB 
32.27 26.35 4.06 6.30 1.55 FB followed by WB 
20.08 24.38 2.88 4.59 1.60 FY 
20.08 23.87 2.91 4.60 1.58 WB followed by FY 
20.08 22.51 3.03 4.05 1.34 F8 followed by WB 
\0 
w 
TABLE 8 (continued) 
SF' Factor of 
Beam Fb=0.6Fy 
F - 520,000 P =2(~) (P ) Safety 
bw- (h/t)2 a a u test (P) /P Specimen 
No. ( ksi ) ( ksi ) (k i ps) ( ki ps) u test .a Failure Mode 
B-9-2 20.08 23.11 3.00 4.30 1.43 FB followed by WB 
MB-1O-l 32.27 82.58 2.72 5.19 1. 91 FY 
MB-10-2 32.27 77.04 2.91 5.06 1. 74 FY 
MB-ll-l 32.27 37.46 4.47 7.32 1.64 WB 
MB-11-2 32.27 36.11 4.45 7.80 1. 75 WB 
MB-12-1 32.27 25.67 3.49 6.30 1.81 WB 
MB-12-2 32.27 25.38 3.41 6.28 1.84 WB 
MB-16-1 32.27 85.93 3.24 4.95 1. 53 FB followed by FY 
MB-16-2 32.27 86.96 3.21 5.30 1.65 FB followed by FY 
MB-17-1 32.27 39.12 4.62 6.91 1. 50 WB followed by FB 
MB-17-2 32.27 39.12 4.62 6.38 1.38 WB followed by FB 
MB-18-1 32.27 24.85 4.07 6.58 1.62 WB followed by FB 
MB-1S-2 32.27 25.53 4.38 5.99 1. 37 WB followed by FB 
MB-3-1 20.08 24.12 2.91 4.10 1.41 WB 
MB-3-2' 20.08 24.08 2.92 4.10 1.41 WB 
MB-9-1 20.08 25.12 2.76 3.83 1. 39 FB followed by WB 
MB-9-2 20.08 24.75 2.67 3.89 1.46 FB followed by WB 
8-C1-1 26.29 11 .85 1. 57 4.70 2.99* WB 
B-Cl-2 26.29 11.96 1.68 4.75 2.83* WB 
8-C2-1 26.29 7.40 1.58 5.90 3.73* WB 
B-C2-2 26.29 7.26 1. 52 6.35 4.18* WB 
MB-Cl-l 26.29 12.75 2.00 5.10 2.55* WB followed by FY 
MB-Cl-2 26.29 13. 18 2.13 5.27 2.47* W8 followed by FY 
MB-C2-1 26.29 7.45 1.86 6.60 3.55* WB followed by FY 
MB-C2-2 26.29 8.27 2.19 6.65 3.04* WB 
H-l-l 26.29 22.25 2.61 4.75 1.82 FB followed by WB and FY 
H-1-2 26.29 22.78 2.76 4.81 1. 74 FB followed by WB and FY 
H-2-1 26.29 23.00 2.81 4.78 1. 70 FB followed by WB and FY 
H-2-2 26.29 21.74 2.60 4.70 1. 81 FB followed by WB and FY 
H-3-1 26.29 23.55 3.53 5.03 1.43 FB fa 11 owed by WB and FY . \.0 H-3-2 26.29 22.97 3.38 5.20 1. 54 FB followed by WB and FY ~ 
H-4-1 26.29 22.66 3.41 4.99 1.46 FB followed by WB and FY 
~:g:f 26.29 22.20 3.29 5.18 1. 57 FB followed by WB and FY 26.29 13.68 1.86 4.03 2.17* FB followed by WB and FY 
H-5-2 26.29 12.63 1. 66 3.85 2.33* FB followed by WB and FY 
TABLE 8 (continued) 
S F i 
_ 520,000 Factor of Beam . Fb=0.6Fy Fbw P =2{~) (P ) Specimen - (h/t)2 a a u test Safety 
No. (ksi) (ksi) (ki ~s) ( ki ~s} ( P u ) te s t I.Pa 
H-6-1 26.29 8.68 2.16 5.73 2.65* 
H-6-2 26.29 8.12 1.94 5.70 2.94* 
H-7-1 26.29 12.85 2.07 4.30 2.08* 
H-7-2 26.29 13.16 2.15 4.20 1.95* 
H-8-1 26.29 8.12 2.38 6.27 2.64* 
H-8-2 26.29 7.55 2.12 6.00 2.83* 
Notes: 1. The value of Fb is determined by Fb or Fbw ' whichever is smaller. 
2. Failure modes are designated as follows: 
FB - flange buckling, FY - flange yielding, 
WB - web buckl i ng . 
*For this beam, the hIt ratio exceeds the current AISI limit of 150. 
Fa i1 ure Mode 
FB followed by WB and FY 
FB followed by WB and FY 
FB followed by WB and FY 
FB followed by WB and FY 
FB followed by WB and FY 




COMPUTATION OF THE ULTIMATE MOMENT CAPACITY 
USING~" FACTOR AND COMPARISON WITH TEST RESULTS 
FOR 8EAM SPECIMENS HAVING STIFFENED FLANGES 
(M ) 
Beam 
fcr Sx Mcr=Sxfcr (Mutr =<lMcr Fy S I M =S IF " (Mu) 
u test 
Specimen x3 (; xy. test (M ) * No. ( ksi) (in. 3) (in.-kips) (in.-kips") (ksi) (in.) In.-klps) (in.-kips) u com~ 
B-2-1 42.81 2.01 86.05 98.70 47.12 2.01 94.71 95.66 1.010 
8-2-2 41.40 2.00 82.80 97.37 47.12 2.00 94.24 94.31 1.001 
8-3-1 29.22 2.52 73.63 11 0.60 47.12 2.52 118.74 114.57 1.036 
8-3-2 29.17 2.49 72.63 11 O. 77 47.12 2.49 117.33 117.99 1.065 
8-11-1 46.39 1.66 77.01 96.11 53.79 1.66 89.29 89.89 1.007 
8-11-2 47.42 1.66 78.72 96.35 53.79 1. 66 89.29 86.10 0.964 
8-12-1 30.14 2.28 68.72 119.92 53.79 2.28 122.64 112.82 0.941 
8-12-2 30.22 2.33 70.41 123. 15 53.79 2.33 125.33 109.78 0.891 
8-14-1 41. 35 2.01 83.27 98.01 53.79 1. 93 103.81 100.65 1.027 
8-14-2 44.58 2.08 92.77 103.90 53.79 2.02 108.66 100.65 0.969 
8-15-1 27.25 3.07 83.73 127.35 53.79 2.75 148.12 122.85 0.965 
8-15-2 26.88 3.06 82.34 126.14 53.79 2.74 147.30 130.07 1.031 
8-17-1 41.72 2.15 89.69 97.59 53.79 2.06 11 0.81 95.77 0.981 
8-17-2 41. 50 . 2.17 89.89 98.45 53.79 2.07 111.35 97.91 0.995 
8-18-1 27.92 3.26 90.90 129.17 53.79 2.91 156.48 127.73 0.989 
8-18-2 28.35 3.23 91.58 128.86 53.79 2.89 155.67 122.85 0.953 
8-3- 3 29.43 2. 14 62.98 72.55 33.46 2.14 71.60 68.85 0.962 
8-3- 4 29.18 2.15 62.74 73.09 33.46 2.15 71.94 69.00 0.959 
8-9-1 27.52 2.74 75.33 85.88 33.46 2.64 88.37 70.88 0.825 
8-9-2 27.81 2.71 75.46 85.20 33.46 2.61 87.41 75.25 0.883 
M8-11-1 31.20 1.87 58.34 89.56 53.79 1.87 100.59 98.82 1.103 
M8-11-2 30.06 1.86 55.91 87.78 53.79 1.86 100.05 105.30 1.200 
M8-12-1 21.26 2.65 56.34 117.41 53.79 2.65 142.54 122.85 1.046 
M8-12-2 21. 01 2.62 55.05 116.75 53.79 2.62 140.93 122.46 1.049 
M8-17-1 32.61 2.42 78.97 96.58 53.79 2.22 119.19 107.11 1.109 
~ 
* The value of (M ) is determined by (M) or My whichever is smaller. 
u comp u cr 
The values of Sand SI were computed on the basis of f and Fy ' respectively x x cr 
TABLE 9 (continued) 
(M ) 
Beam 
fcr Sx M '-S f (Mu~r~cr Fy S t M =S'F (M ) u test Specimen cr x cr x y '.< y U'test 1M:] 
'No. Cksi) (in. 3) (in.-kips) (in.-kips) (ksi) (in. 3) (in.-kips) (in.-k.jps) U com~ 
ftti-17-2 32.61 2.42 78.82 96.24 53.79 2.22 119.24 98.89 1.028 
MB-18-1 20.56 3.60 73.94 125.40 53.79 3.01 162.07 128.31 1.023 
MS-18-2 21.02 3.66 77 .01 125.90 53.79 3.12 167.98 116.81 0.928 
MB~3-1 19.41 2.46 47.75 72.63 33.46 2.46 82.31 69.70 0.960 
MB-3-2 19.14 2.47 47.28 72.43 33.46 2.47 82.65 69.70 0.962 
MS-9-1 20.16 2.93 59.14 71.97 33.46 2.68 89.80 74.69 1.038 
MB-9-2 19.92 2.90 57.84 70.51 33.46 2.59 86.77 75.86 1.076 
B-Cl-l 16. 15 3.18 51.36 115.50 43.82 3.18 139.54 112.80 0.977 
B-Cl-2 14.69 3.37 49.51 118.96 43.82 3.37 147.85 114.00 0.958 
B-C2-1 9.11 4.61 42.00 134.77 43.82 4.61 201.99 127.22 0.944 
B-C2-2 8.91 4.51 40.18 130.88 43.82 4.51 197.53 136.92 1.046 
MS-Cl-l 10.28 3.76 38.65 107.73 43.82 3.76 164.93 122.40 1. 136 
MB-Cl-2 10.61 3.88 41. 17 111. 69 43.82 3.88 170.09 126.48 1. 132 
ftti-C2-1 6.00 5.38 32.28 128.89 43.82 5.38 235.56 142.31 1.104 
MB-C2-2 6.67 5.70 38.02 141.54 43.82 5.70 249.68 143.39 1.013 
H-1-1 28.97 1.81 52.41 62.58 43.82 1.67 73.37 71.25 1.139 
H-1 ... 2 29.23 1.88 54.86 63.97 43.82 1. 74 76.15 72.15 1.128 
H-2-1 31.89 1.86 59.18 68.17 43.82 1. 73 75.94 71.70 1.052 
H-2-2 30.14 1.84 55.46 64.39 43.82 1. 71 74.73 70.50 1.095 
H-3-1 23.43 2.25 52.72 68.43 43.82 2.03 88.95 75.45 1.103 
H-3-2 23.54 2.20 51. 75 68.41 43.82 1.98 86.76 78.00 1.140 
H-4-1 22.70 2.26 51.24 68.15 43.82 2.00 87.64 74.85 1.098 
H-4-2 22.08 2.23 49.21 66.63 43.82 1. 97 86.33 77.70 1.166 
H-5-1 18.51 3.20 59.25 96.76 43.82 2.76 120.94 96.72 1.000 
H-5-2 17.10 3.08 52.75 90.26 43.82 2.63 115.25 92.40 1.024 
H-.6-1 11.75 5.26 61.79 135. 13 43.82 4.27 186.95 123.55 0.914 
H-6-2 10.82 5.14 55.64 127.54 43.82 4.14 181.29 122.91 0.964 
H-7-1 10.34 4.16 43.01 96.08 43.82 3.32 145.30 103.20 1.074 
H-7-2 10.81 4.22 45.60 99.59 43.82 3.38 148.32 100.80 1.012 
H-8-1 6.53 6.80 44.43 130.84 43.82 5.13 224.76 135.20 1.033 ~ H-8-2 6.08 6.51 39.57 123.62 43.82 4.87 213.55 129.38 1.047 ...... 
Mean 1.023 
Standard Deviation 




COMPUTATION OF THE ULTIMATE MOMENT CAPACITY 
USING FORMULA FOR REDUCTION IN MOMENT RESISTANCE 
AND COMPARISON WITH TEST RESULTS FOR BEAM 
SPECIMENS HAVING STIFFENED FLANGES 
Beam [·1 =S F (MU) comp = AMy (M ) (M ) Specimen y x y u test U test 
No. (in.-kips) ;.( ; n . - k i ps) (in.-kips) (Mu)comp 
B-2-1 94.71 0.950 90.01 95.66 1.063 
B-2-2 94.24 0.946 89.17 94.31 1.058 
B-3-1 118.74 0.902 107. 16 114.57 1.069 
B-3-2 117.33 0.898 105.38 117.99 1.120 
- 13-11-1 89.29 0.944 84.27 89.89 1. 067 
B-11-2 89.29 0.947 84.52 86.10 1.019 
B-12-1 122.64 0.883 108.27 112.82 1.042 
B-12-2 125.33 0.894 112.09 109.78 0.979 
B-14-1 103.81 0.926 96.17 100.65 1.047 
B-14-2 108.66 0.937 1 Ol. 87 100.65 0.988 
B-15-1 148.12 0.854 126.45 122.85 0.972 
B-15-2 147.30 0.848 124.88 130.07 1.042 
B-17-1 11 O. 81 0.928 102.82 95.77 0.931 
B-17-2 11l. 35 0.929 103.44 97.91 0.947 
B-18-1 156.48 0.860 134.60 127.73 0.949 
B-18-2 155.67 0.864 134.49 122.85 0.913 
B-3- 3 71.60 0.948 67.89 68.85 1.014 
B-3- 4 71.94 0.946 68.02 69.00 1.014 
B-9-1 88.37 0.938 82.89 70.88 0.855 
B-9-2 87.41 0.941 82.29 75.25 0.914 
MB-ll-1 100.59 0.883 88.82 98.82 1.113 
MB-11-2 100.05 0.877 87.76 105.30 1.200 
MB-12-1 142.54 0.818 116.55 122.85 1.054 
MB-12-2 140.93 0.815 114.92 122.46 1.066 
MB-17-1 119.19 0.890 106.04 107.11 1.010 
MB-17-2 119.24 0.890 106.09 98.89 0.932 
MB-18-1 162.07 0.811 131.50 128.31 0.976 
MB-18-2 167.98 0.817 137. 17 116.81 0.852 
MB-3-1 82.31 0.888 73.12 69.70 0.953 
MB-3-2 82.65 0.888 73.41 69.70 0.949 
MB-9-1 89.80 0.895 80.34 74.69 0.930 
MB-9-2 86.70 0.892 77.37 75.86 0.980 
B-Cl-1 139.54 0.789 11 O. 04 112.80 1.025 
B-Cl-2 147.85 0.790 116.86 114.00 0.976 
B-C2-1 201.99 0.680 137.34 127.22 0.926 
B-C2-2 197.53 0.675 133.39 136.92 1.026 
MB-C1-1 164.93 0.711 117.30 122.40 1.043 
MB-Cl-2 170.09 0.719 122.33 126.48 1.034 
99 
TABLE 10 (continued) 
Beam My =SXFy ( ~lU ) comp = AMy (M ) (M ) u test Specimen u test {Mulcomp No. (in.-kips) (in.-kips) (in.-kips) 
MB-C2-1 235.56 0.561 132.22 142.31 1.076 
MB-C2-2 249.68 0.594 148.25 143.39 0.967 
H-1-1 73.37 0.908 66.61 71.25 1.071 
H-1-2 76.15 0.909 69.23 72.15 1.042 
H-2-1 75.94 0.904 68.64 71.70 1.045 
H-2-2 74.73 0.895 66.91 70.50 1.054 
H-3-1 88.95 0.840 74.67 75.45 1.010 
H-3-2 86.76 0.835 72.45 78.00 1.077 
H-4-1 87.64 0.833 72.97 74.85 1.026 
H-4-2 86.33 0.829 71.55 77.70 1.086 
H-5-1 120.94 0.835 101. 01 96.72 0.958 
H-5-2 115.25 0.821 94.58 92.40 0.977 
H-6-1 186.95 0.743 138.88 123.55 0.890 
H-6-2 181 .29 0.724 131.23 122.91 0.937 
H-7-1 145.30 0.713 103.61 103.20 0.996 
H-7-2 148.32 0.719 106.60 100.80 0.946 
H-8-1 224.76 0.588 132. 18 135.20 1. 023. 
H-8-2 213.55 0.566 120.78 129.38 1.071 
Mean 1.005 Standard Deviation 0.0675 
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TABLE 11 
COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING SIMPLIFIED 
FORMULA FOR REDUCTION IN MOMENT RESISTANCE AND COMPARISON WITH 
TEST RESULTS FOR BEAM SPECIMENS HAVING STIFFENED FLANGES 
(M ) 
Beam ~1y=SxFy AI (r.,) =AIM (M ) Utest Specimen U comp y U test (M ) 
No. (in.-kips) (in.-kips) ( in. -I<i ps) ucomp 
B-2-1 94.71 0.946 89.60 95.66 1.068 
B-2-2 94.24 0.941 88.68 94.31 1.063 
B-3-1 118.74 0.883 103.42 114.57 1.108 
B-3-2 117.33 0.877 102.90 117.99 1.146 
B-ll-l 89.29 0.938 83.75 89.89 1.073 
B-11-2 89.29 0.941 84.02 86.10 1.024 
B-12-1 122.64 0.857 105.10 112.82 1.073 
B-12-2 125.33 0.872 109.29 109.78 1.005 
B-14-1 103.81 0.933 96.85 100.65 1.039 
B-14-2 108.66 0.945 102.68 100.65 0.980 
B-15-1 148. 12 0.854 129.46 122.85 0.971 
B-15-2 147.30 0.847 124.76 130.07 1.043 
B-17-1 11 0.81 0.944 104.60 95.77 0.916 
B-17-2 111 .35 0.944 105. 11 97.91 0.931 
B-18-1 156.48 0.868 135.82 127.73 0.940 
B-18-2 155.67 0.871 135.59 122.85 0.906 
B-3- 3 71.60 0.943 67.52 68.85 1.020 
B-3- 4 . 71. 94 0.940 67.62 69.00 1.020 
B-9-1 88.37 0.930 82.18 70.88 0.862 
B-9-2 87.41 0.934 81.64 75.25 0.922 
MB-11-1 100.59 0.936 94.15 98.82 1.050 
MB-11-2 100.05 0.930 93.05 105.30 1.132 
MB-12-1 142.54 0.866 123.44 122.85 0.995 
MB-12-2 140.93 0.864 121. 76 122.46 1.006 
MB-17-1 119.19 0.943 112.40 107. 11 0.953 
MB-17-2 119.24 0.943 112.44 98.89 0.879 
MB-18-1 162.07 0.859 139.22 128.31 0.922 
MB-18-2 167.98 0.865 145.30 116.81 0.804 
., 
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TABLE 11 {continued} 
Beam My=SxFy (Mu) comp=A I My (M ) (M ) AI u test Specimen u test 
Mcomp No. (in.-Rips) (in.-kips) (in.';;k ips) 
MS-3-1 82.31 0.942 '77.54 69.70 0.900 
MB-3-2 .82.65 0.941 77~77 69.70 0.896 
MB-9-1 89.80 0.948 85.'13 74.69 0.877 
MB-9-2 86.70 0.946 82.02 75.86 0.925 
B-C1-1 139.54 0.733 102.28 112.80 1.103 
B-Cl-2 147.85 0.735 108.67 114.00 1.049 
B-C2-1 201.99 0.589 118.97 127.22 1.069 
B-C2-2 197.53 0.583 115.16 136.92 1.189 
MB-C1-1 164.93 0.752 124.03 122.40 0.987 
MB-Cl-2 170.09 0.761 129.44 126.48 0.977 
MB-C2-1 235.56 0.592 139.45 142.31 1.020 
MB-C2-2 249.68 0.626 156.30 143.39 0.917 
H-1-1 73.37 0.878 64.42 71.25 1.106 
H-1-2 76.15 0.883 67.24 72.15 1.073 
H-2-l 75.94 0.885 67.21 71.70 1.067 
H-2-2 74.73 0.874 65.31 70.50 1.079 
H-3-1 88.95 0.889 79.08 75.45 0.954 
H-3-2 86.76 0.885 76.78 78.00 . 1.016 
H-4-1 87.64 0.882 77.30 74.85 0.968 
H-4-2 86.33 0.878 75.80 77.70 1.025 
H-5-1 120.94 0.770 93.12 96.72 1.039 
H-5-2 115.25 0.749 86.32 92.40 1.070 
H-6-1 186.95 0.642 120.02 123.55 1.029 
H-6-2 181.29 0.620 112.40 122.91 1.094 
H-7-1 145.30 0.754 109.56 103.20 0.942 
H-7-2 148.32 0.760 112.72 100.80 0.894 
H-8-1 224.76 0.620 139.35 135.20 0.970 
H-8-2 213.55 0.596 127.28 129.3R 1.011 










































COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING 
EFFECTIVE WEB DEPTH AND COMPARISON WITH TEST RESULTS 
FOR BEAM SPECIMENS HAVING STIFFENED FLANGES 
(Mu) (Mu) (3' Ye camp test 
(i n.} (in. -k i ES) (in.-kiEs) 
0.903 2.286 87.09 95.66 
0.900 2.257 86.20 94.31 
0.882 2.258 104.52 114.57 
0.878 2.229 102.37 117.99 
0.922 2.154 85.86 89.89 
0.923 2.160 85.85 86.10 
0.897 2.141 11 0.43 112.82 
0.905 2.215 115.70 109.78 
0.856 2.053 90.82 100.65 
0.866 2.129 96.32 100.65 
0.800 2.050 117.81 122.85 
0.796 2.030 116.20 130.07 
0.835 2.089 94.80 95.77 
0.835 2.088 95.61 97.91 
0.788 2.100 123.47 127.73 
0.790 2.109 123.30 122.85 
0.912 2.508 66.55 68.85 
0.911 2.517 67.14 69.00 
0.830 2.411 74.82 70.88 
0.831 2.418 74.64 75.25 
0.924 1.898 90.82 98.82 
0.920 1.863 88.12 105.30 
0.903 1 .911 117.95 122.85 
0.902 1.881 115.55 122.46 
0.838 1.981 99.00 107.11 
0.837 1.981 98.95 98.89 
0.787 1.982 124.15 128.31 
0.790 2.013 127.91 116.81 
0.911 2.152 69.36 69.70 
0.911 2.134 68.85 69.70 
0.838 2.231 72.68 74.69 
0.835 2.149 71 .63 75.86 
0.872 2.275 123.42 112.80 
0.860 2.165 113.37 114.00 
0.813 2.148 142.82 127.22 











































TABLE 12 (continued) 
(M ) 
Beam (Mu) (M ) u test 
Specimen s· Ye comp u test (M ) 
No. e in. } (in. -kips) {in.-k·;Es} u come 
MB-C1-1 0.868 1.823 122.27 122.40 1.001 
MB-Cl-2 0.871 1.872 127.64 126.48 0.991 
MB-C2-1 0.815 1.737 144.25 142.31 0.987 
MB-C2-2 0.829 1.839 158.37 143.39 0.905 
H-l-l 1.000 2.109 69.76 71.25 1.021 
H-1-2 1.000 2.164 72.74 72.15 0.992 
H-2-1 1.000 2.151 72.92 71.70 0.983 
H-2-2 1.000 2.103 70.98 70.50 0.993 
H-3-1 1.000 1.843 78.41 75.45 0.962 
H-3-2 1.000 1.815 76.39 78.00 1.021 
H-4-1 1.000 1.797 77 .03 74.85 0.972 
H-4-2 1.000 1.766 75.21 77.70 1.033 
H-5-1 1.000 2.067 105.04 96.72 0.921 H-5-2 1.000 1.972 98.25 92.40 0.940 H-6-1 1.000 1.955 142.96 123.55 0.864 H-6-2 1.000 1.881 135.47 122.91 0.907 H-7-1 1.000 1.535 101.42 103.20 1 .0'-8 H-7-2 1.000 1.567 104.94 100.80 0.961 H-8-1 1.000 1.512 135.65 135.20 0.997 H-8-2 1.000 1.437 124.35 129.38 1.040 




No .. Hoglund 
B-2-1 1. 010 















8-3- 3 0.926 
B-3- 4 0.922 
8-9-1 o 874 
8-9-2 0.938 
TABLE 13 
COMPARISON OF TESTED AND COMPUTED ULTIMATE 
BENDING MOMENTS FOR BEAM SPECIMENS 
HAVING STIFFEN~D FLANGES 
(Mu)tes/ (Mu) Comp 
Based on Effective Web Depth 
Thomasson Thomasson UMR UMR Bergfe1t Method-I Method-II AISI Method-I 
(Table 12) (Table 9) 
1.000 1.022 1.085 1.098 1.006 1.010 
0.988 1.031 1.069 1.094 1.000 1.001 
0.981 1.022 1.087 1.096 1. 114 1.036 
1.028 1.071 1. 141 1. 153 1.192 1.065 
1.016 0.971 1.007 1.047 1.114 1.007 
1.051 1.333 1.392 1.003 1.072 0.964 
1.015 0.966 1.028 1.022 1.210 0.941 
0.949 0.893 0.943 0.949 1.066 0.891 
1.038 1.038 1.071 1.108 0.970 1.027 
0.977 0.982 1 .011 1.045 0.922 0.969 
0.955 0.956 0.994 1.043 . 1.054 0.965 
1.022 1.015 1.066 1.119 1.156 1.031 
0.949 0.953 0.968 1.010 0.862 0.981 
0.957 0.958 0.977 1.024 0.874 0.995 
0.938 0.956 0.992 1.034 0.976 0.989 
0.902 0.907 0.951 0.996 0.928 0.953 
0.962 0.982 0.987 1.034 0.958 0.962 
0.960 0.978 0.984 1.028 0.946 0.959 
0.859 0.896 0.900 0.947 0.802 0.825 
0.914 0.943 0.962 1.008 0.856 0.883 
Based on Full Web Depth 
UMR UMR 
Method II Method III 




1.120 1. 146 
1.067 1.073 


















TABLE 13 (continued) 
(MU)Test/(Mu)comp 
Beam Based on Effective Web Depth Based on Full Web Depth 
Specimen 
No. Thomasson Thomasson UMR UMR UMR UMR 
Hoglund Bergfelt Method-I Method-II AISI Method-I Method-II Method-II I 
ITable121_ (Table 9) (Table 10) (Iab1e 11) 
MB-ll-1 1.040 1 . 121 1.048 1.095 1.088 0.982 1.103 1.113 1.050 
143-11-2 1.160 1.217 1. 137 1.192 1.195 1.048 1.200 1.200 1.132 
MB-12-1 1.033 1.086 0.991 1.064 1.042 1.084 1.046 1.054 0.995 
M3-12-2 1.054 1.097 0.998 1.076 1.060 1.102 1.049 1.066 1.006 
MB-17-1 0.920 1.002 0.952 0.980 1.082 0.898 1.109 1.010 0.953 
M3-17-2 0.868 0.922 0.876 0.903 0.999 0.826 1.028 0.932 0.879 
MB-18-1 0.888 0.963 0.903 0.940 1.034 0.970 1.023 0.976 0.922 
MB-18-2 0.786 0.853 0.801 0.833 0.913 0.820 0.928 0.852 0.804 
MB-3-1 0.957 0.971 10.49 0.974 1.005 0.844 0.960 0.953 0.900 
MB-3-2 . 0.973 0.986 1.060 0.989 1.012 0.844 0.962 0.949 0.896 
MB-9-1 0.990 1.001 1.061 1.005 1.028 0.832 1.038 0.930 0.877 
MB-9-2 0.998 1.018 1.062 1.019 1.059 0.874 1.076 0.980 0.925 
B-Cl-l 0.940 0.942 0.936 0.9i4 0.913 1.790* 0.977 1.025 1.103 
B-Cl-2 1.014 0.993 0.979 1.036 1.006 1.695* 0.958 0.976 1.049 
B-C2-1 0.909 0.897 0.871 0.931 0.891 2.234* 0.944 0.926 1.069 
8-C2-2. 0.998 0.972 0.945 1.016 0.989 2.503* 1.046 1.026 1.189 
MB-C1-1 1.013 1.039 1.059 1.028 1.004 1.527* 1.136 1.043 0.987 
MB-Cl-2 1.005 . 1.031 1.053 1.020 0.991 1.479* 1.132 1.034 0.977 
MB-C2-1 0.969 0.989 0.988 0.980 0.995 2.126* 1.104 1.076 1.020 
MB-C2-2 0.912 0.956 0.957 0.942 0.905 1.820* 1.013 0.967 0.917 
R-1-1 1.144 1. 137 1.229 1.219 1.021 1.090 1.139 1.071 1.106 
H-1-2 1. 106 1.090 1.172 1.173 0.992 1.042 1.128 1.042 1.073 
H-2-1 1.058 1.034 1.115 . 1.115 0.983 1.018 1.052 1.045 1.067 
H-2-2 1.114 1.102 1.193 1.181 0.993 1.084 1.095 1.054 1.07~ 
H-3-1 1.075 1.187 1.254 1.157 0.962 0.856 1.103 1.010 0.954 
H-3-2 1.164 1. 251 1.320 1.224 1.021 0.922 1.140 1.077 1.016 
H-4-1 1. 106 1.187 1.250 1. i 61 0.972 0.874 1.098 1.026 0.968 
H-4-2 1.189 1.256 1.326- 1.233 1.033 0.940 1.166 1.'186 1.025 
.... 
~ 
- --- - --- - - ---
~~ ---~-.-
- - -














TABLE 13 (continued) 
(Mu}test/(Mu}comp 
Based on Effective Web Depth 
Thomasson Thomasson 


































































*For this beam, the hit ratio is larger than the current AISI limit of 150. 
Based on Full Web Depth 
UMR UMR 
Method-I Method-II 


































Notes: 1. The cold \'Iork effect in the increase of yield point of steel was not considered in the computed 
value of ~u. 
2. Beam specimen No. B-11-2 was used in the evaluation of mean values and standard deviations for 
the methods of Hoglund, Thomasson and AISI. 
3. If the AISI method is used only for the beam specimens having hit ~ 150, the mean value of the 




TABLE 14 (a) 
DIMENSIONS OF BENDING TEST SPECIMENS 
HAVING UNSTIFFENED FLANGES 
8eam Cross-Sectlon DlmenSlons (inches) Span a 
Specimen length 
No. Thickness B1 B2 B3 B4 D1 D2 BB BP tp (in.) (in.) 
8-U-l-1 0.0495 0.589 0.597 0.609 0.613 4.824 4.837 6 - - 81.00 27.00 
8-U-1-2 0.0490 0.603 0.593 0.599 0.603 4.870 4.877 6 - - 81.00 27.00 
8-U-2-1 0.0492 0.583 0.549 0.598 0.603 7.132 7.110 6 - - 120.00 40.00 
8-U-2-2 0.0490 0.584 0.609 0.624 0.584 7.120 7.110 6 - - 120.00 40.00 
8-U-2-3 0.0491 0.605 0.542 0.577 0.614 7.304 7.287 6 - - 120.0040.00 
8-U-3-1 0.0489 0.593 0.603 0.592 0.607 9.632 9.646 6 - - 136.00 45.33 
8-U-3-2 0.0492 0.602 0.602 0.608 0.617 9.636 9.613 6 - - 136.00 45.33 
8-U-4-1 0.0491 1.429 1.387 1.390 1.391 4.897 4.890 9 - - 81.00 27.00 
8-U-4-2 0.0491 1.373 1.397 1.404 1.382 4.975 4.952 9 - - 81.00 27.00 
8-U-5-1 0.0485 1.746 1.724 1.755 1.722 7.151 7.167 9 - - 120.00 40.00 
8-U-S-2 0.0490 1.729 1.711 1.708 1.713 7.133 7.127 9 - - 120.00 40.00 
8-U-6-l 0.0495 2.114 2.109 2.132 2.107 9.492 9.480 9 - - 136.00 45.33 
8-U-6-2 0.0483 2.173 2.162 2.196 2.134 9.393 9.471 9 - - 136.00 45.33 
MB-U-2-1 0.0488 0.596 0.622 0.599 0.614 7.102 7.068 6 5.938 0.038 120.00 40.00 
MB-U-S-l 0.0485 1.730 1.772 1.752 1.790 7.280 7.223 9 5.038 0.038 120.00 40.00 
MS-U-5-2 0.0485 1.725 1.700 1.704 1.737 7.280 7.273 9 5.038 0.038 120.00 40.00 
-~-- - - - -- -
Notes: 1. See Figs. 37 and 38 for the symbols used for dimensions. 
2. Inside bend radius was assumed to be equal to the thickness. 
3. See Fig. 13 for definition of a. 
4. Beam specimens are designated as follows: 
8 U 3 1 
Beam Section Unstiffened Channel No. Test No. 
Flange 
M8 U 3 1 







No. Thickness Bl B2 
B-U-7-1 0.0505 0.495 0.505 
B-U-7-2 0.0502 0.413 0.486 
B-U-8-1 0.0500 0.688 0.692 
B-U-8-2 0.0503 0.706 0.698 
B-U-9-1 0.0509 J .308 1.174 
B-U-9-2 0.0499 1.149 1.363 
B-U-1O-1 0.0504 1.761 1.874 
B-U-10-2 0.0507 1.733 1.881 
B-U-ll-1 0.0500 3.120 3.036 
B-U-11-2 O. (l505 3.052 3.144 
MB-U-7-1 0.0505 0.468 0.495 
t-B-U-7-2 0.0500 0.505 0.441 
t-B-U-8-1 0.0500 0.689 0.657 
MB-U-8-2 0.0502 0.820 0.712 
ftti-U-9-1 0.0502 1 .175 1.363 
ftS-U-9-2 0.0498 1.334 1.186 
t-B-U-l0-1 0.0502 1.750 1.953 
t-B-U-10-2 0.0500 1.851 1. 753 
-----' ~.-~.----~-~ ... ~.---~-.--
Notes: Refer to Table 14 (a). 
TABLE 14 (b) 
DIMENSIONS OF BENDING TEST SPECIMENS 
HAVING UNSTIFFENED FLANGES 
. 
Cross-Section Dimensions (inches) 
B3 B4 Dl D2 BB 
0.456 0.495 3.649 3.629 6 
0.578 0.496 3.648 3.634 6 
0.708 0.697 3.734 3.735 6 
0.688 0.682 3.740 3.749 6 
1.187 1 .189 7.358 7.358 9 
1.400 1. 165 7.317 7.344 9 
1.882 1.759 9.488 9.512 9 
1.924 1.755 9.468 9.504 9 
3.045 3.129 9.601 9.613 9 
3.164 3.053 9.567 9.584 9 
0.502 0.487 3.639 3.640 6 
0.456 0.513 3.646 3.649 6 
0.676 0.717 3.739 3.715 6 
0.573 0.714 3.715 3.729 6 
1.374 1.169 7.305 7.376 9 
1.163 1.335 7.351 7.349 9 
1.841 1.774 9.507 9.573 9 
1.757 1.925 9.540 9.504 9 
Span 
a 



















1.885 o .0501 ~ 84.00 28.00 
1.885 0.0501 I 84.00 28.00 
1.885 0.0501 I 84.00 28.00 
1.885 0.0501 i 84.00 28.00 
3.895 0.0501 I 120.00 40.00 
3.895 0.0501 I 120.00 40.00 
5.944 0.0501 1135.00 45.00 









































PERTINENT PARAMETERS OF BENDING TEST 
SPECIMENS HAVING UNSTIFFENED FLANGES 
F 
(w/t)l im y hIt wIt {ksi} 
95.72 10.06 10.51 36.26 
97.53 10.29 10.51 36.26 
142.96 9:85 10.51 36.26 
143.31 10.43 10.51 36.26 
146.76 10.32 10.51 36.26 
195.26 10.33 10.51 36.26 
193.85 10.24 10.51 36.26 
97.74 27.10 10.51 36.26 
99.32 26.45 1 O~. 51 36.26 
145.77 34.00 10.51 36.26 
143.57 33.29 10.51 36.26 
189.76 40.71 10.51 36.26 
194.09 42.99 10.51 36.26 
143.53 10.75 10.51 36.26 
148.10 34.54 10.51 36.26 
149.67 33.94 10.51 36.26 
70.26 8.00 9.86 41.18 
70.67 7.68 9.86 41.18 
72.70 11.84 9.86 41.18 
72.53 12.04 9.86 41.18 
142.56 23.70 9.86 41.18 
145.17 25.31 9.86 41.18 
186.73 35.18 9.86 41.18 
185.46 35.10 9.86 41.18 
190.26 60.40 9.86 41.18 
187.78 60.26 9.86 41 .18 
70.08 7.80 9.86 41.18 
70.98 8.10 9.86 41.18 
72.78 11.78 9.86 41.18 
72.28 14.33 9.86 41.18 
144.93 25.15 9.86 41 .18 
145.61 24.79 9.86 41.18 
188.70 36.90 9.86 41.18 
188.80 35.02 9.86 41.18 
109 










1. 12 8.00 
1.12 8.00 
1.12 8.00 
1. 13 8.00 
1.45 5.00 
1.53 8.00 



















*1 equals the unsupported length in the middle third of the test specimen. 
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TABLE 16 (a) 
EXPERIMENTAL DATA FOR BEAM SPECIMENS 
HAVING UNSTIFFENED FLANGES 
Beam (Pcr)W (Pcr)f (P ) (p ) (M ) 
Specimen test test Y test u test u test Measured 
No. ( ki ps) ( ki ps) ( ki ps) ( kips) (in. -kips) f/ft 
B-U-l-l 1.27 1.48 19.98 
B-U-1-2 1.46 1. 73 23.36 
B-U-2-1 Premature Lateral Buckling Failure 
B-U-2-2 1. 30 1.68 33.60 1.04 
B-U-2-3 1.20 1.92 38.40 0.99 
B-U-3-1 0.80 2.20 49.86 1.02 
B-U-3-2 1.00 2.27 51.45 0.96 
B-U-4-1 2.00 2.00 2.10 2.39 32.27 1.15 
B-U-4-2 1. 90 1.80 2.19 29.57 0.92 
B-U-5-1 1.40 1.20 2.40 48.00 0.98 
B-U-5-2 1.60 1.50 2.28 2.43 48.60 1.02 
B-U-6-1 1.40 1.11 2.97 67.32 1. 12 
B-U-6-2 1.50 1.11 2.87 65.05 1. 11 
MB-U-Z-1 1.10 1. 74 1.88 37.60 1.53 
MB-U-5-1 1.10 1.41 2.44 48.80 1.61 
MB-U-5-2 1.20 1.30 2.37 47.40 1.60 
B-U-7-1 1.09 . 15.26 
B-U-7-2 0.97 1.35 18.90 
B-U-8-1 1.33 1.67 23.38 
B-U-8-2 
--
1.33 1.70 23.80 
B-U-9-1 2.00 1.80 2.42 48.40 1.03 
B-U-9-2 2.00 1.60 2.48 49.60 1.03 
B-U-10-l 1.50 1.20 3.26 73.35 1.01 
B-U-10-2 1.40 1.10 3.54 79.65 1.03 
B-U-ll-' 1.00 0.70 3.63 81.68 ·0.99 
B-U-11-2 1.00 0.60 3.70 83.25 1.13 
tJB-U-7-1 1.29 1.60 22.40 
MB-U-7-2 1.25 17.50 
MB ... U-8-1 1.68 1.99 27.86 
MB-U-8-2 1.70 2.04 28.56 
MB-U-9-1 2.00 1.80 2.73 54.60 1.50 
t43-U-9-2 2.10 1.80 2.75 55.00 1.45 
t43-U-10-l 1.20 0.90 3.54 79.65 1.47 




















TABLE 17 (a) 
COMPARISON OF EXPERIMENTAL AND THEORETICAL DATA 
FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
W f (p ) (Pcr}W (Pcr ) (Pcr ) Y thea test thea thea 
















{Pcr)W _ critical 


















load for web buckling 
load for flange buckling 
f (p cr) 
test 



















2. In the computation of (Pcr)W ,the stress and section 
thea 
modulus were based on the critical buckling stress of web 
element. In the computation of (Pcr)f ,the stress and 
thea 
section modulus were based on the critical buckling stress 

















TABLE 17 (b) 
COMPARISON OF EXPERIMENTAL AND THEORETICAL DATA 
FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
(Pcr)~heO f (P y) theo (Pcr}~est f (P~)test (Pu)test Beam (Pcr}theo (Pcr}test Specimen 
{Pcr)~heo f (p y> theo (Pcr)~heo No. (kies) Tkies) (kies) (P cr) theo 
B-U-7-1 1.21 
B-U-7-2 1.18 0.822 
B-U-8-1 3.96 2.74 1.45 0.917 
B-U-8-2 4.01 2.96 1.47 0.905 
B-U-9-1 2.70 1.80 3.45 0.741 1.000 0.896 
B-U-9-2 2.56 1.57 3.39 0.781 1.019 0.969 
B-U-10-1 2.38 1.27 4.92 0.631 0.945 1.370 
B-U-10-2 2.42 1.29 4.95 0.579 1.173 1.463 
B-U-ll-1 2.59 0.58 5.45 0.386 1.207 1.402 
B-U-11-2 2.67 0.59 5.50 0.375 1.017 1.386 
MB-U-7-1 1.39 0.928 
tJI3-U-7-2 1.39 
MB-U-8-1 1.62 1.037 
MB-U-8-2 1.62 1.049 
foti-U-9-1 2.06 1.85 3.92 0.971 0.973 1.325 
tJI3-U-9-2 1.99 1.87 3.90 1.055 0.963 1.382 
MB-U-10-1 1.84 1.35 5.70 0.652 0.667 1.924 
MB-U-10-2 1.83 1.47 5.66 0.710 0.680 2.022 






INFLUENCE OF SIGNIFICANT PARAMETERS ON THE POSTBUCKLING 
STRENGTH OF BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
* Beam Fy (Pu)test 
Specimen hIt wIt fefft 
No. (ksi} (Pcr)~heo 
B-U-2-2 143.31 10.43 36.26 0.98 0.923 
B-U-2-3 146.76 10.32 36.26 1.01 1.049 
fIS-U-2-1 143.53 10.75 36.26 1.45 1.167 
B-U-9-1 142.56 23.70 41.18 1.04 0.896 
B-U-9-2 145.17 25.31 41.18 1.06 0.969 
MB-U-9.a.l 144.93 25.12 41.18 1.40 1.325 
MB-U-9-2 145.61 24.79 41.18 1.43 1.382 
B-U-5-1 145.77 34.00 36.26 1.12 0.992 
B-U-5-2 143.57 33.29 36.26 1.12 0.972 
MJ-U-5-1 148.10 34.54 36.26 . 1.53 1.312 
MB-U-5-2 149.67 33.94 36.26 1.52 1.309 
B-U-3-1 195.26 10.33 36.26 1.00 1.486 
B-U-3-2 193.85 10.24 36.26 1.00 1.493 
B-U-10-1 186.73 35.18 41.18 1.08 1.370 
B-U-l0-2 185.46 35.10 41.18 1.08 1.463 
MB-U-l0-1 188.70 36.90 41.18 1.51 1.924 
fIS-U-l0-2 188.80 35.02 41.18 1.51 2.022 
B-U-6-1 189.76 40.71 36 .26 1.12 1.332 
B-U-6-2 194.09 42.99 36 .26 1.13 1.386 
B-U-ll-1 190.26 60.40 41.18 1.25 1.402 
B-U-11-2 187.78 60.26 41.18 1.25 1.386 
*Beam specimens having hIt ratios of 100 or less did 
not exhibit web buckling and therefore are not 






















TABLE 19 Ca) 
FAILURE MODES AND FACTORS OF SAFETY AGAINST DESIGN LOADS 
FOR BENDING OF BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
F - 520,000 S FI P =2{.2JL) (P ) 
Fc bw- {h/t)2 a a (P ) u test u test 
(ksi) ( ksi) (ki ps) (kips) --v; Failure Mode 
21.76 56.75 1.02 1.48 1.45 LB and FY 
21.76 54.67 1. 03 1. 73 1.68 FY 
21. 76 LB 
21. 76 25.32 . 1. 30 1.68 1.29 WB 
21.76 24.14 1.34 1. 92 1.43 WB 
21.76 13.64 1. 21 2.20 1.82 WB 
21.76 13.84 1.24 2.27 1.83 WB 
12.21 54~43 .925 2.39 2.58 FB and WB followed by FY 
12.39 52.71 .950 2.19 2.31 WB followed by FB 
10.28 24.47 1.02 2.40 2.36 FB followed by WB 
10.48 25.23 1.03 2.43 2.35 FB followed by WB and FY 
8.40 14.44 1.26 2.97 2.36 FB followed by WB 
7.76 13.80 1.14 2.87 2.52 FB followed by WB 
21.76 25.24 1. 29 1.88 1.45 WB followed by FY 
10. 13 23.70 1. 02 2.44 2.38 WB followed by FB 
10.30 23.21 1.02 2.37 2.32 WB followed by FB 
The value of Fb is determined by Fc or Fbw ' whichever is smaller. 
Failure modes are designated as follows: 
FB - flange buckling, FY - flange yielding, 
WB - web buckling, LB - lateral buckling. 




TABLE 19 (b) 
FAILURE MODES AND FACTOR OF SAFETY AGAINST DESIGN lOADS 
FOR BENDING OF BEAM SPECIMENS HAVING UNSTIFFENED flANGES 
Beam F ~ szu-,-mr0-- SxF (P ) 
Specimen Fe bw (h/t)2 Pa=2(-a) (Pu)test u test Failure Mode p 
No. (ksi) (ksi) (kips) (kips) a 
B-U-7-1 24.71 106.12 0.72 1.09 1.51 L8 
B-U-7-2 24.71 103.15 0.71 1.35 1.91 lB followed by FY 
B-U-8-1 23.37 97.58 0.83 1.67 2.00 FY 
B-U-8-2 21.59 100.31 0.77 1.70 2.20 FY 
B-U-9-1 14.24 28.96 1.32 2.42 1.84 FB followed by WB 
B-U-9-2 12.71 24.73 1.16 2.48 2.13 FB followed by WB 
B-U-l0-1 9.95 14.87 1.45 3.26 2.25* FB followed by WB 
B-U-l0-2 9.97 15.19 1.45 3.54 2.44* FBfollowedbyWB 
B-U-ll-l 2.89 14.40 0.58 3.63 6.28* FB followed by WB 
B-U-11-2 2.93 14.710.59 3.70 6.26* FB followed by WB 
M3-U-7-1 24.71 106.12 0.83 1.60 1.93 FY 
M3-U-7-2 24.71 103.15 0.83 1.25 1.51 lB 
MB-U-8-1 23.37 106.12 0.92 1.99 2.17 FY 
MB-U-8-2 21.59 103.15 0.85 2.04 2.41 FY 
M3-U-9-1 12.76 24.73 1.35 2.73 2.02 FB followed by WB 
M3-U-9-2 13.03 24.39 1.37 2.75 2.01 FB followed by WB 
M3-U-10-l 9.47 14.56 1.59 3.54 2.22* FB followed by WB 
MB-tl-10-2 9.99 14.56 1.65 3.70 2.24* FB followed by WB 























COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING ~ FACTOR AND 
COMPARISON WITH TEST RESULTS FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
(Mu) =~Mcr Sx Mcr=Sxfcr Fy S I M =S IF cr x y x Y (in. 3) ( i n:- ki ~s) (i n.:- ki ~s) (ks i } (inh (i n.- ki ~s} 
0.59 41. 15 41.15 36.26 0.59 21.39 
0.59 39.58 39.58 36.26 0.59 21.39 
1. 17 36.48 36.26 1.17 42.42 
1. 17 36.31 34.42 36.26 1. 17 42.42 
1.24 36.69 44.87 36.26 1.24 44.96 
2.01 33.59 49.41 36.26 2.01 72.88 
2.03 34.43 50.23 36.26 2.03 73.61 
0.79 52.70 52.70 36.26 0.85 30.82 
0.75 48.50 48.50 36.26 0.82 29.73 
1.62 48.58 50.33 36.26 1.58 57.29 
1.62 50.07 50.62 36.26 1.58 57.29 
2.85 50.45 75.42 36.26 2.62 95.00 
2.77 46.87 72.46 36.26 2.54 92.10 
1.45 31.96 37.07 36.26 1.45 52.58 
1. 95 37.23 46.61 36.26 1.83 66.36 
1. 93 36.07 45.63 36.26 1.83 66.35 
(M ) Utest 







































COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING ~ FACTOR AND 
COMPARISON. WITH TEST RESULTS FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
(Cont/d) 
Be~m F cr Sx M~r =S~Fcr (Mu )c~=~Mcr F y--- S~ -- ~- My =-S~F y (Mu)test (Mu )test 
sPN~~men (ksi) (in~) (in.-kips) (in.-kips) (ksi) (in~) (in.-kips) (in.-kips) (Mu}comp* 
B-U-7-1 129.00 0.41 52.89 52.89 41.18 0.41 16.91 15.26 0.902 
B-U-7-2 127.00 0.40 50.80 50.80 41.18 0.40 16.53 18.90 1.143 
B-U-8-1 120.57 0.46 55.46 55.46 41.18 0.49 20.30 23.36 1.152 
8-U-8-2 121.13 0.46 55.72 55.72 41.18 0.50 20.56 23.80 1.158 
B-U-9-1 31.36 1.72 53.94 56.12 41.18 1.68 69.08 48.40 0.862 
8-U-9-2 30.24 1.69 51.11 54.06 41.18 1.65 67.75 49.60 0.917 
B-U-10-1 18.28 2.92 53.38 78.58 41.18· 2.69 128.35 73.35 0.933 
B-U-l0-2 18.53 2.94 54.48 79.08 41.18 2.70 127.37 79.65 1.007 
B-U-11-1 17.60 3.31 58.26 82.05 41.18 2.98 122.63 81.68 0.995 
B-U-11-2 18.07 3.33 60.17 83.59 41.18 3.00 123.68 83~25 0.996 
MB-U-7-1 97.91 0.47 46.02 46.02 41.18 0.47 19.35 22.40 1.158 
MB-U-7-2 95.50 0.47 44.89 44.89 41.18 0.47 19.35 17.50 0.904 
MB-U-8-1 79.03 0.54 37.14 37.14 41.18 0.55 22.71 26.46 1.165 
MB-U-8-2 80.12 0.53 42.46 42.46 41.18 0.55 22.71 28.56 1.258 
MB-U-9-1 19.93 2.07 41.26 53.75 41.18 1.90 78.24 54.60 1.016 
MB-U-9-2 19.74 2.01 39.68 52.26 41.18 1.89 77.83 55.00 1.052 
MB-U-10-1 11.76 3.53 41.51 75.97 41.18 3.12 110.71 79.65 1.048 
MB-U-l0-2 11.74 3.50 40.09 75.56 41.18 3.09 111.39 83.25 1.102 
Mean 
Standard Deviation 

























COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING FORMULA 
FOR REDUCTION IN MOMENT RESISTANCE AND COMPARISON WITH TEST 
RESULTS FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
r~ =S F A (Mu)comp=AMy (M ) y x y u test 
(in.-kips) (in.-kips) (in·-kips). 
21. 39 1.000 21.39 19.98 
21.39 1.000 21.39 23.36 
42.42 0.859 36.44 33.60 
44.96 0.848 38.13 38.40 
72.88 0.696 50.72 49.86 
73.61 0.700 51. 53 51.45 
30.82 1.000 30.82 32.27 
29.73 0.997 29.64 29.57 
57.29 0.825 47.26 48.00 
57.29 0.832 47.67 48.60 
95.00 0.678 64.41 67.32 
92.10 0.664 61.15 65.05 
52.58 0.775 40.75 37.60 
66.36 0.735 48.77 48.80 
66.35 0.729 48.37 47.40 
(M ) 
u test 










































COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING FORMULA FOR 
REDUCTION IN MOMENT RESISTANCE AND COMPARISON WITH TEST RESULTS 
FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
(Cont'd) 
~=Sx~ - --;:-- (Mu) comp = AMy (Mu)test (Mu)test 




















































































































COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING SIMPLIFIED 
FORMULA FOR REDUCTION IN MOMENT RESISTANCE AND COMPARISON WITH 
TEST RESULTS FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
M =S F y x y AI (Mu)comp=AIMy (M ) 
u test 
(in.-kies ) (In.-kies ) (in.-ki~s) 
21.39 0.988 21 .13 19.98 
21.39 0.982 21.00 23.36 
42.42 0.831 35.25 33.60 
44.96 0.820 36.87 38.40 
72.88 0.660 48.10 49.86 
73.61 0.665 48.95 51.45 
30.82 0.981 30.23 32.27 
29.73 0.976 29.02 29.57 
57.29 0.823 47.15 48.00 
57.29 0.830 47.55 48.60 
95.00 0.678 64.41 67.32 
92.10 0.663 61.06 65.05 
52.58 0.830 43.64 37.60 
66.36 0.815 54.08 48.80 























COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING SIMPLIFIED FORMULA 
FOR REDUCTION IN MOMENT RESISTANCE AND COMPARISON WITH TEST RESULTS FOR BEAM 
SPECIMENS HAVING UNSTIFFENED FLANGES (Contld) 
sp:~~~n ~~=~~Fy AI --(MU}~~~;"A 'M;---rM~test \f\1test 






















































































































COMPUTATION OF THE ULTIMATE MOMENT CAPACITY USING 
EFFECTIVE WEB DEPTH AND COMPARISON WITH TEST RESULTS 
FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
Beam (Mu)comp ( Mu) test (Mu) test Ye Specimen f3' {Mu' comp No. {in. } (i n. -k i ~s) (in.-kiEs} 
B-U-2-2 0.800 2.690 33.75 33.60 0.996 
B-U-2-3 0.800 2.682 34.76 38.40 1.105 
B-U-3-1 0.800 2.558 52.36 49.86 0.952 
B-U-3-2 0.800 2.574 52.82 51.45 0.974 
B-U-5-1 0.758 2.549 43.63 48.00 1.100 
B-U-5-2 0.759 2.586 44.00 48.60 1.105 
B-U-6-1 0.745 2.494 66.00 67.32 1.020 
B-U-6-2 0.741 2.420 62.90 65.05 1.034 
B-U-9-1 0.776 2.592 50.70 48.40 0.955 
B-U-9-2 0.775 2.505 49.41 49.60 1.004 
B-U-10-1 0.753 2.393 73.34 73.35 1.000 
B-U-l0-2 0.754 2.405 73.98 79.65 1.077 
B-U-ll-l 0.704 2.266 74.18 81.68 1.101 
B-U-11-2 0.704 2.291 75.24 83.25 1 .106 
MB-U-2-1 0.800 2.159 37.80 37.60 0.995 
MB-U-5-1 0.757 2.172 46.84 48.80 1.042 
MB-U-5-2 0.759 2.174 46.99 47.40 1.009 
MB-U-9-1 0.774 2.114 53.45 54.60 1.021 
MB-U-9-2 0.774 2.095 52.82 55.00 1.041 
MB-U-l0-1 0.752 1.996 75.37 79.65 1.057 
MB-U-10-2 0.753 1.980 74.59 83.25 1 . 116 
Mean 1.039 
Standard Deviation 0.0527 
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TABLE 24 
COMPARISON OF TESTED AND COMPUTED ULTIMATE BENDING 
MOMENTS FOR BEAM SPECIMENS HAVING UNSTIFFENED FLANGES 
Beam 
(Mu)test/{Mu)comp 
Based on Specimen Based on Full Web Depth Effective No. UMR UMR UMR Web Depth AISI Method-I Method-II Method-III UMR 
B-U-2-2 0.772 0.976 0.922 0.953 0.996 
B-U-2-3 0.856 0.856 1.007 1.042 1.105 
B-U-3-1 1.090* 1.009 0.983 1.037 0.952 
B-U-3-2 1.096* 1.024 0.999 1.051 0.974 
B-U-5-1 1.413 0.954 1.016 1.018 1.100 
B-U-5-2 1.408 0.960 1.020 1.022 1.105 
B-U-6-1 1.413* 0.893 1.045 1.045 1.020 
8-U-6-2 1.509* 0.898 1.064 1.065 1.034 
8-U-9-1 1.102 0.862 0.854 0.886 0.955 
B-U-9-2 1.275 0.917 0.899 0.934 1.004 
B-U-10-1 1.347* 0.933 0.953 0.883 1.000 
B-U-l0-2 1.461* 1.007 1.022 0.957 1.077 
B-U-11-1 3.760* 0.995 0.971 1.045 1.101 
B-U-11-2 3.749* 0.996 0.973 1.045 1.106 
MB-U-2-1 0.868 1.014 0.923 0.862 0.995 
MB-U-5-1 1.425 1.047 1.001 0.902 1.042 
MB-U-5-2 1.389 1.039 0.980 0.882 1.009 
MB-U-9-1 1.210 1.016 0.972 0.890 1.021 
ftt3-U-9-2 1.204 1.052 0.990 0.905 1.041 
MB-U-10-1 1.329* 1.048 1.102 1.123 1.057 
ftt3-U-10-2 1.341 * 1.102 1.161 1.167 1.116 
Mean 1.477 0.981 0.993 0.986 , .039 
Standard 
Deviation 0.785 0.0(i7 0.068 0.088 0.053 
*For these beams, the hit ratio exceeds the current AISI limit 
of 150. If the beams with hit < 150 are used, mean value = 1.175 
with a standard deviation of 0.l439. 
Notes: 1. Specimens No. B-U-4-1 and B-U-4-2 are not included in 
this table because they are governed by yielding failure. 
2. The values of (Mu)comp were computed by using the following 
section moludi: 
a) AISI Method - using the section modulus determined by 
the full area of the entire cross section 
b) UMR Methods I, II and III - using the section modulus 
determined by the effective area of the compression 
flange and the full areas of the web and tension flange.' 
c) UMR Effective Web Depth Method - using the section 
modulus determined by the effective areas of the 
compression flange and web, and the full area of the 
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Figure 1. Buckling Coefficient k for Simply Supported Plates 
Subjected to Nonuniform Longitudinal Bending Stress (9) 
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Figure 7. Dimensions of Modified Beam Specimens 
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Figure 10. Cross Section of Beam Specimens 
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Figure 19. Bending Stress Distribution in 
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Figure 20. Bending Stress Distribution in 
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Figure 21. 8en~ing Stress Distribution in 
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Figure 23. Relationship Between the Tested Postbuekling 
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Figure 25. Relationship Between the Tested 
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Figure 27. Flow Chart for Full Web 
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Figure 30. Relat~ons~i~ Between.(Pu)tes~/(PY)theo and (h/t)~ 
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Figure 35. Effective Web Depth Based on UMR Method 
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Figure 37. Dimensions of Beam Specimens 
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Figure 38. Dimensions of Modified Beam Specimens 
Having Unstiffened Flanges 
160 
02 
-E=~=======~=:n: Cl of Span 
I II ~G 
~H 





0' T 0 80 -4 
















t of Span 
'I LO 
I LI 










Figure 40. Location of Strain Gages for Specimens Having 
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Figure 41. Bending Stress Distribution in the Web 
of Specimen No. B-U-2-2 
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Figure 42. Bending Stress Distribution in the Web 
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Figure 43. Relationship Between the Tested Postbuckling 
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Relationship Between (PU)f st!(Py)theo and (h!t)~ for 








0 0 0 
0 
0.4 roo 0 0 
Eq. 477 0 0 6 
0 0 
0.3 I- 0 
00 
0 0 0 
0.2 t-
0.1 I-
°O~------~~-------J~------~I~------~~ 05 1.0 1.5 2.0 
Figure 47. Relationship Between (ye/t)/f'/kE 










Based on Regression 0 ($) 0 
tr 













O.J~I ________ ~~ ________ ~ ________ ~ __________ ~ ______ ~ 
SOO 900 1000 
(h/t>JFy 
1100 1200 
Figure 48. Relationship Between f'/Fy and (h/t)~ 












CD 1.0 0 0 0 0 
...... 8 cP.· 





.... 0.8 0 
0.6 1 
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
WIt / (WIt }lim 
Figure 49. Relationship Between f'/Fy and (w/t)/(w/t)lim 



















&'7 t1f 0 
/ 0 
/ 0 
0 0 / 0 / 0 0 r!\Y 
° ° ~ 0 
0 / 
0/ / 




Correlation Between Stest and Scomp 






The calculations involved in using the UMR design recommendations 
governing beam webs subjected to bending stress are demons-trated 
in this Appendix for beam members having stiffened and unstiffened 
compression flanges. 
A. Design of Beam Members Having Stiffened Compression Flanges 
.The purpose of the following example is to determine the allowable 
bending moment for the channel section with a stiffened compression 
flange as shown in Fig., A.l(a). For the given section, hIt = 143.83, 
wIt = 53.29, (w/t)lim = l7l/H == 31.22, and w/t/(w/t)lim = 1.707.-
Assume that the yield point of steel is 50 ksi and full lateral support 
is provided. 
1. Bending Capacity of the Member Governed by Beam Flange 
For beam members having full lateral support, the stress on the 
extreme fibers of flexural members computed in accordance with the 
effective flange area shall not exceed the following: 
F = 0.6 Fy 
= (0.6)(50) 
= 30 ksi 
173 
Using the effective width based upon the basic design stress, 
F = 30 ksi, the section modulus of the channel section given in 
Fig. A.l(a) is Sx = 1.235 in. 3• 
Therefore, the allowable bending moment is 
Mf = SxF 
. = (1.235)(30) 
= 37.05 in.-kips 
2. Bending Capacity of the Beam Governed by Web Element 
The allowable bending moment based upon the capacity of the web. 
element will be computed using each of the four methods reconmended 
by Secti on II 1. C. 5. 
a. Method I - Postbuckling Strength Factor 
In accordance with Section III.C.5, the maximum allowable 
bending stress, ~Fbw' can be detennined for ft/fc~1.0. 
k = 4 + 2{1+S)3+2(1+S) 
= 4 + 2(1+1)3:+ 2(1+1) 
= 24. 
16000 I< Fbw = 2 (Hit) 
= 16000 (24~ 
(143.83) 
= 18.56 ksi 
al = 0.017(h/t) -0.790 
= 0.017{143.83) -0.790 
= 1.655 





a3 = 1.16-0.16(w/t/(w/t)lim) 
= 1.16 - 0.16(1.707} 
= 0.887 
a4 = 0.561 (F /33}+0. 1 0 
= 0.561(50/33)+0.10 
= 0.950 
~ = a1a2aJa4 
= (1.655)(1.0)(0.887)(0.950) 
= 1. 395 
~Fbw = 25.89 ksi < F 
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Using the effective flange width based upon Fbw , the section 
modulus of the channel section given in Fig. A.1(a) is Sx = 1.329 in. 3• 
Therefore,the allowable web bending moment is 
Mbw = ~ FbwSx 
= (25.89)(1.329) 
= 34.41 in.-kips 
b. Method II - Reduction in Moment Resistance 
The maximum allowable bending stress in the plane of the web is AF: 
F = 0.6 F y 
= 30 ksi 
k = 4 + 2(1+8)3 + 2(1+8) 
= 24. 
A = 1.197-0.00144 h/t~ 
= 1.197 - 0.00144(143.83)150724 
= 0.898 < 1.0 
AF = 26.94 ksi 
Using the effective width based upon F, the section modulus of 
the channel section given in Fig. A.l(a) is Sx = 1.235 in. 3• 
Therefore, the allo.wable web bending moment is 
Mbw = )"F Sx 
= 26.94(1.235) 
= 33.27 in.-kips 
176 
c. Method III - Simplified Equation for Reduction in Moment Resistance 
The maximum allowable bending stress in the plane of the web 
is)" I F: 
F = 0.6Fy 
= 30 ksi 
X = 1.210-0.000337 h/tlfj 
= 1.210-0.000337(143.83)~ 
= 0.867 < 1.0 
).,'F= 26.01 ksi 
Using the effective flange width based upon F, the section 
modulus of the channel section given in Fig. A.l(a) is Sx = 1.235 in. 3. 
Therefore, the allowable web bending moment is 
Mbw = )., I FSx 
= (26.01)(1.235) 
= 32.12 in.-kips 
d. Effective Web Depth Method 
The allowable bending moment is computed using a section modulus 
based on the effective area of both the compression flange and com-
pression portion of the web element. The effective flange width is 
calculated using Section 2.3.1.1 of the AISI Specification (3)., 
while the effective depth of the compression portion of the web, 
Ye, is computed using Eq. 37. As demonstrated by the following 
calculations, this method requires a trial and error procedure 
in order to evaluate the section modulus and therefore, without 
the aid of a computer, would be very time consuming. 
The maximum allowable bending stress, ftl, is determined 
on the basis of Section III. C.5. 
Y2 = 1.0735 - 0.0735(w/t)/(w/t)lim = 0.948 
Yi = 1.037 - 0.000125 (h/t~ = 0.910 
a l = Y1' Yt= 0.863 
f" = a IF = (0.863)(30) = 25.88 ksi 
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The effective width of the compression flange is given by the 
following formula as per Section 2.3.1.1 of the AISI Specification (3): 




= (.048) ~25~3::;:. 
125.88 
............... ---].: 1.900 in. 
The effective depth of the compression portion of the web is 
a function of the buckling coefficient, k, which depends upon the 
stress ratio, or the location of the neutral axis. Therefore, the 
effective depth for the compression region of the web, will be 
determined by the following procedure: 
a) Assume a location for the neutral axis. 
b) Calculate the buckling coefficient, k, and the effective 
web depth, Yeo 
c} Based on the effective areas of the flange and web, 
compute the internal forces. 
d) Check internal equilibrium. 
e} Based upon the discretion of the designer, repeat steps 
a through d until internal equilibrium is satisfied. 
1. Assume Location for Neutral Axis 
Assume the neutral axis to be located at y = D/2. = 3.5 in. 
for the channel section in Fig. A.1.Ca}. 
2. Calculate k and Ye 
8 = ft/fc = 1.0 
k = 4 + 2(1+8)3 + 2(1+8) = 24 
Ye = 47.63 t IKTfTt 
= 47.63 (.048)124/25.88 = 2.202 in. < 3.5 in. 
3. Compute Internal Forces 
The assumed stress distribution for the channel section is 
shown in Fig. A.2. Figure A.3 depicts the internal forces, eF, 
Cs ' and Cw which are the compressive forces and TF, Ts. and 
Tw which are the tensile forces, acting on the cross-section. 
The numerical values of these quantities are evaluated by the 
following expressions: 
f t =(DyY) fll 
= 25.88 ksi 
m = f./l/y 
= 7.39 ksi/in. 
f1 = fU-my 
.e 
= 9.60 ksi 
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f =fll-md 2 
= ZO.70 ksi 
f3 = ft-md 
= 20.70 ksi 




= dt(f ll+f2}12:'(0.7}(0.048}(25.S8220.70}=0.78 kips 
C
w
' = Yet(f"-4-f1)/2=(2.202}(0.048}(25.8~+9.60}=1.81 kips 
TF = wtft = (2.75}(.048)(25.88)=3.42 kips 
Ts = dt(f t+f3)/2=(0.7}(0.048}(25.88;20.70)=0.78 kips 
Tw = 0.5(D-y)tft =(3.5)(0.048}(25.88}=2.17 kips 
EC = 2.36+0~78+1.87 =5wOl kips 
ET = 3.42+0.78+2.17 = 6.37 kips 
Since ET > EC, the assumed location of the neutral axis is not correct. 
A new assumption for the neutral axis, y, must be made and steps 2 and 3 
repeated. 
1. Assume location for Neutral Axis 
From the preceding step 3, the tensile forces were greater than 
the compressive fJrces which indicates the neutral axis is lower than 
y = D/2. Thus, for this iteration let y = 3.75 in. 
2. Calculate k and Ye 
13 = f / f =.iQ.:l.) = 3. 25 = 0 867 t c y 3.75 • 
k = 20.75 
Ye =47.63(0.048)/20.75/25.88 = 2.047 in. < 3.75 in. 
3. Compute Internal Forces 
The stress distribution and forces a~e the same as was used in 
the first iteration. The numerical value of each quantity is given 
by the following formulas: 
f t = 22.44 ksi 
m = 6.90 ksi/in. 
f1 = 11.76 ksi 
f2 = 21.05 ksi 
f3 = 17.61 ksi 
CF = (1.9)(0.048)(25.88)=2.36 kips 
C
s 
= (0.7)(0.048)(25.88;21.05}=0.79 kips 
C
w 
= (2.047)(0.048)(25.88;1176)=1.85 kips 
TF = (2.75)(0.048)(22.44)=2.96 kips 
Ts = (.7)(0.048)(22.44;17.61)=0.67 kips 
Tw = 0.5(3.25)(0.048)(22.44)=1.75 kips 
~C = 2.36+0.79+1.85 = 5.00 kips 
~T = 2.96+0.67+1.75 = 5.38 kips 
From the second iteration,~C ~ ~T which indicates the assumed 
value for y is approximately equal to the true location of the neutral 
axis. For the purpose of illustration, assume that the results of 
this iteration satisfy convergence criteria for equilibrium. Having 
located the neutral axis, the moment of inertia and section modulus can 
be easily computed to be 4.62 in.4 and 1.23 in. 3 respectively. 
Thus, the maximum allowable bending moment for the channel 
section in question is 
M f "S bw = . x 
= {25.88){1.23} 
= 31.83 in.-kips 
A summary of the preceding calculations for the allowable moment 
capacity of a beam member based on the UMR design recommendations is 
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given in Table A.l. 
In the design of beam members, the smaller value of Mf and Mbw 
will govern the moment capacity of the section. For the channel 
section given in Fig. A.1, the value of Mbw is less than Mf and will 
therefore govern the moment capacity. This can be seen by the 
numerical values given in Table A.1. 
B. Design of Beam Members Having Unstiffened Compression Flanges 
The purpose of the following example is to determine the 
allowable bending moment for the channel section with an unstiffened 
compression flange as shown in Fig. A.1.(b). For the given section, 
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hIt = 143.83, wIt = 29.25, (w/t}lim = 63.3/~ = 11.02, and w/t/(w/t}lim= 
2.654. Assume that the yield point of steel is 33 ksi and full 
lateral support is provided. The section properties will be cal-
culated on the basis of an effectdve flange area, Eq. 54. 
1. Bending Capacity of the Member Governed by Beam Flange 
For beam members having full lateral support, the stress on 
the extreme fibers of flexural members computed in accordance with 
the effective flange area shall not exceed the following: 
F = 0.6 Fy 
= 0.6(33) 
= 20 ksi 
Using the effective flange width based upon the basic design 
stress, F = 20. ksi, the section modulus of the channel section given 
in Fig. A.l(b) is 0.741 ;n. 3• 
Therefore, the allowable bending moment is 
Mf = SxF 
= (0.741 )(20) 
= 14.82 in.-kips 
2. Bending Capacity of the Beam Governed by Web Element 
The allowable bending moment based upon the capacity of the 
web element will be computed using each of the four methods 
recommended by Sec t i on I V. C 5 . 
a. Method I - Postbuck1ing Strength Factor 
In accordance with Section IV. Co5, the maximum allowable bending 
stress, .4>Fbw ' is determined for ft/fc~1.0. 
k = 4+2(l+B)3+2(1+B) 
= 4+2(1+1)3+2(1+1) 
= 24 
F - 16000k 
bw - (h/t)2 
_ 16000(24) 
- {143.83)2 
= 18.56 ksi 
u1 = 0.017(h/t)-0.790 
= 0.017(143.83)-0.790 
= 1.655 
u2 = 0.462(fc/ft )+0.538 
= 0.462(1.0)+0.538 
= 1.0 
Cl3 = 0.838 - 0.0191{w/t)/(w/t)lim = 0.787 






~F bw = 15.,98 ks i < F 
Using the effective flange width based upon Fbw, the section 
modulus of the channel section given in Fig. A.1(b) is Sx = 0.746 in.3~ 
Therefore, the allowable web bending moment is 
AF: 
Mbw = ~FbwSx 
= (15 .. 98) (0 .}46 ) 
= 11 ~92 in.-kips 
b. Method II - Reduction in Moment Resistance 
The maximum allowable bending stress in the plane of the web is 
F = O.6Fy 
= 20 ksi 
~ = 4+2(1+e)3+2(1+e) 
= 24 
A = 1.229-0.00218 h/t~ 
= '1.229-0.00218(143.83)/33/24 
= 0.861 < 1.0 
AF =17 ~22 ksi 
Using the effective flange width based upon F, the section modulus 
of the channel section given in Fig. A.l(b) is Sx = 0.741 in. 3• 
Therefore, the allowable web bending moment is 
* The va1ue of ~ < 1.0 indicates a premature buckling due to inadequate 
support conditions provided by the flange. 
= (17.22)(0.741) 
= 12.76 in.-kips 
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. c. Method III - Simplified Equation for Reduction in Moment Resistance 
The maximum allowable bending stress in the plane of the web 
is A IF: 
F = 0.6Fy 
= 20 ksi 
AI = 1 .257 -O.000508(h/t)¥F; 
= 1 ~257,",Ot000508 (143.83}133 
= 0.837 < 1.0 
AI F=16.74 ksi 
Using the effective flange width based upon F, the section 
modulus of the channel section given in Fig. A.l.(b) is Sx = 0.741 in. 3. 
Therefore, the allowable web bending moment is 
Mbw = AI FSx 
= (16.74}(O,741) 
= 12.40 in.-kips 
d. Effective Web Depth Method 
The allowable bending moment is computed using a section modulus 
based on the effective area of both the compression flange and 
compression portion of the web element. The effective flange width 
is calculated by using Eq. 54, while the effective depth of the 
compression portion of the web, Ye' is computed using Eq. 57. A 
trial and error procedure is necessary to evaluate the section 
properties by this method. The steps involved in the trial and error 
procedure are the same as were demonstrated for the member having 
a stiffened compression flange. For the channel section in question, 
Sx = 0.7461n. 3• 
Therefore, the maximum allowable bending moment for the channel 
section in Fig. A.l(b) is 
, 
Mbw = SF Sx 
= (15~36)(0.746) 
= 11.46 in.-kips 
A summary of the preceding calculations for the allowable 
l~ 
moment capacity of a beam member based on the UMR design recommendations 
is given in Table A.2. 
In the design of beam members, the smaller value of Mf and Mbw 
will govern the moment capacity of the section. For the channel 
section given in Fig. A.l(b), the value of Mbw is less than Mf and 
will therefore govern the moment capacity. This can be seen by the 




SUMMARY OF ALLOWABLE BENDING MOMENTS 
FOR THE MEMBER SHOWN IN FIG. A.1{a) HAVINS 
STIFFENED COMPRESSION FLANGE 
Mbw (in.-kips) 
EffectlVe 




I II III Method 
34.41 33.27 32.12 31.83 
TABLE A.2 
SUMMARY OF ALLOWABLE BENDING MOMENTS 
FOR THE MEMBER SHOWN IN FIG. A.l(b) HAVING 
UNSTIFFENED COMPRESSION FLANGE 
Mbw (in.-kips) 
Effectlve 
Full Web Depth FULL WEB DEPTH METHOD Web Depth (in.-kips) I II III Method 
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DEFORMATION MEASUREMENTS OF WEB ELEMENTS 
A study was conducted to detennine the buck1 ing pattern for beam 
webs subjected to bending. This investigation involved the measurement 
of the lateral deformations of the web elements for various loading 
increments. The deformations were plotted to obtain a visual record of 
the buckle wave. 
The lateral deformations of the web were measured to the nearest 
one thousandth of an inch (0.001 in.) by using five linear potentiometers. 
The potentiometers were spaced at 1-1/2 in. centers and were attached to 
a frame which could be .adjusted to any position according to the grid 
lines plotted on the web (Fig. 16). Results of tests indicate that the 
accuracy of the lateral displacement measurement apparatus is such that 
repeatability of the readings is assured. 
The potentiometer readings were recorded on a punched paper tape 
utilizing a data acquisition system (Fig. B.1). This data was then 
interpreted and plotted by using a Wang Model 600 Programmable Calculator, 
X-v Plotter, and paper tape reader (Fig. B.2). Typical profiles for the 
defonned web are shown in Figs. B.3-B.6. These figures depict the typical 
configuration of the buckle wave in the longitudinal direction at 0/4, 
0/2, and 30/4 from the compression flange respectively. An examination 
of Figs. B.3 and B.4 reveals that the buckle wave resembles a sinusoidal 
curve as previously assumed in the literature. Because at 30/4 the web 
is subjected to a tensile stress, a sinusoidal wave did not fom (Fig. B.5). 
These figures also indicate that the ~agnitudes of the lateral defo~ations 
are largest at 0/4 and decrease as the distance from the compression fla.nge 
increases. This behavior can also be seen in Fig. B,.6. 'which is a plot of 
the lateral defomations in the vertical direction at the location of falluY"*-
1 
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Fig. 8.6. Web Profile of Specimen No. 8-3-3 at 
Cross Section a-a 
APPENDIX C--NOTATION 
The following symbols are used in this report: 
Af = full area of flange element; 
Aw = full area of web element; 
a = distance between the end support and the concentrated load 
applied to the beam; 
b = effective design width of the compression flange; 
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bey = Bergfelt's effective depth of the compression portion of the web; 
E = modulus of elasticity; 
Et = tangent modulus; 
F = basic design stress; 
Fb = allowable bending stress; 
Fbi = allowable bending stress; 
Fbw = allowable bending stress in webs; 
Fc = allowable compression stress on unstiffened element; 
Fw = maximum permissible compressive stress in a beam web; 
Fy = yield point of steel; 
f' = f3 I Fy ; 
fll = f3IFb; 
fc = maximum bending stress in compression; 
fcr = elastic critical buckling stress for a flat rectangular plate 
under bending; 
fmax = maximum edge stress; 
fpr = stress at the proportional limit; 
ft = maximum bending stress in tension; 
H = web slenderness ratio, hIt; 
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h • width of a plate. clear distance between flanges measured along 
the plane of the web. 
k • buckling coefficient; 
(Mu)comp • computed ultimate bending moment based on t factor. 
(Mu)test • tested bending moment; 
Pa • allowable design load; 
(Pcr)ftest • critical load initiating flange buckling caused by compressive 
stress; 
(Pcr)ftheo • theoretical buckling load for flanges; 
(Pcr)Wtest • critical load initiating web buckling caused by bending stress; 
(Pcr)Wtheo • theoretical buckling load for webs; 
Pu • failure load for beam specimen; 
(Pu)test • maximum failure load for the beam specimen; 
Py • yield load, in which the bending stress in the extreme fibers 
of the flange reaches the yield point; 
(Py)test • tested yield load; 
Se • effective web depth; 
Sel, Se2 • Hoglund's effective web depth; 
Sel " S'e2 • Thomasson's effective web depth; 
So ' • 322t/.ffy ; 
Sx • section modulus 'of the beam section, for which the effective 
area of the compression flange is determined by fcr ; 
SiX • section modulus computed for the full web area and the effective 
compression flange area; 
t • thickness of a plate; 
w • flat width of the element; 
y • hI (1 + S); 
Ye = effective design depth for the compression portion of a web 
element; 
Cl = -I !)t/fcr ; 
Cll = postbuckling factor for hIt; 
Cl2 = postbuckling factor for fc/ft; 
Cl3 = postbuckling factor for wIt; 
Cl4 = postbuckling factor for Fy; 
a = Ift/fcl; 
a' = stress reduction factor; 
Yl = constant based on (h/t)~; 
Y2 = constant based on (w/t)/(w/t)lim; 
~ = poisson's ratio; 
. '! = ratio of Et/E; 
A = reduction factor for bending capacity; 
A' = simplified reduction factor for bending capacity; 
~ = postbuckling strength factor; 
~a = performance factor; and 
e = included angle between the sloped web and the neutral axis. 
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